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STUDIES ON THE PSYCHOPHYSIOLOGY OF THE
WORK OF ASTRONAUTS

N. N. Gurovskiy

FOREWORD

The following essays are brought to the attention of the /3
reader without pretending to offer a full explanation of all ques-
tions of the psychophysiology of the work of astronauts. This is
explained first of all by the lack of sufficient factual material
which will be accumulated with time on longer space Flights and with
the landing of man on other planets.

The result of investigations on the influence of various regi-
mens of work and rest on man's capacity for work is presented in
these essays with the aim of finding the greatest variance in length
of day and rhythm of daily activity in space flight, and to establish
objective laws of the adaptation of man to a daily cycle which may
be imposed upon him by the conditions of future flight and life on
other planets.

In the experiments, several properties of space flight have
been simulated in order to study these regimens of work and rest,
for instance sensory insufficiency and hypodynamia which make the pro-
cess of adaptation of man to a new diurnal rhythm difficult, and
elicit wvarious disturbances of the physiological and psychological
functions in his organism. In the works of several authors these
disturbances have become an independent object of investigation.
The selection of materials for these essays is in response to practi-
cal questions of space medicine in part dealing with the organiza-
tion of the vital activity of crew members on a long orbital flight

and interplanetary craft. It is for this reason that in the essays
a great deal of attention is given to the problem of the regimens of
work and rest for astronauts. The number of conditions involved in

an extended space flight excludes the possibility of constructing a
daily cycle for its participants based on a terrestrial 24-hour
schedule. Among these conditions, of the greatest significance are
the peculiarities of the professional activity of astronauts, which

on the whole is that of an operator, as well as the character, in-
tensity and rhythm of illumination on board the space vehicle and

on other planets of the solar system. The demand for constant watch
on board a space craft and the three or four hour limit on product-
ive duration of this watch necessitate a shortening of the daily /4
cycle to 12-18 hours. As the experimental investigations show, T
adaptation to a new daily regimen sometimes takes an extremely long
period of time and is accompanied by a lowering of the physical and
mental capacity for work. This is why experimental investigations

of the process of the adaptation to a new diurnal rhythm have
especially real significance, and the recommendations which

iii



follow from the data of these experiments can be used to organize
and carry out prolonged space flights. Of no less importance is

the problem of sensory insufficiency under the conditions of outer
space. Weightlessness, the monotony of the professional activity,
the monotony of the visually perceived surroundings during many
stages of the space flight all give rise to a certain underloading
of the system of human analyzers and, by the same token, to a lower-
ing of the effective tonus of the higher section of his central ner-
vous system. Such an underloading (sensory insufficiency) is accom-
panied by a lowering of the gemneral psychological capacity for work
and in certain individuals to a disturbance in the clarity of thought
and to hallucinations. Recommendations for treatment of sensory in-
sufficiency presuppose a careful investigation of all properties

of this state.

On the whole, the essays have great interest to specialists in

the field of organizing the work of crew members of space craft
designed for various purposes.
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SEVERAL PECULARITIES IN WORK ACTIVITY OF
ASTRONAUTS ON PROLONGED SPACE FLIGHT

N. N. Gurovskiy

ABSTRACT: The regimen of work defines the structure
of 1life during a prolonged space flight. Speci-
fications must be developed for the precise
regulation of the work process of the astro-
nauts. To accomplish this one can refer to
scientific studies of the physiology and psy-
chology of work, bearing in mind the unigue
conditions of space flight which have no

parallel to life on Earth.

In space flight, the work is an extremely significant factor 5%
which defines the structure of life. The characteristic property of the
investigations of work regimens of various professions consists,
as 1s well known, in that the objects of study are already exist-
ing types of human work activity. In addition, the work process is
formed at the very beginning, and certain social and psychological
inter-relationships between people in the work process are then
formed; only after a certain length of time is the study of the
peculiarities of this aspect of work begun and the influence of
the regimen of work activity on the organism of the worker clari-
fied.

On prolonged space flights, the 1life of the astronauts must be
considered as a work process which must of necessity be regulated
precisely. A new and extremely complicated task for space medicine
is that of making recommendations for the rational structuring of
the work of astronauts on prolonged space flights at a time when
no such flights exist and naturally there i1Is no work process.

In order to develop recommendations for the in-flight work
regimen of astronauts, one must draw upon the experience of scien-
tists which has been gathered by the study, and the work of vari-
ous professional groups on the knowledge of general laws in the
course of the psychological and physiological human process with
cavreful analysis of the peculiarities and conditions of flight, as
well as from data on the study of the organism's reactions in simu-
lated activity of astronauts and laboratory experiment.

We shall not dwell upon an exposition of general laws and charac-
teristics of human psychology nor upon the social side of labor. We

# Numbers in the margin indicate pagination in the foreign text.
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will only try to present certain analyses of those conditions which
appear to be characteristic for this work in prolonged space flights.

The life of a man on board a space ship essentially differs /6
from the usual conditions of work in a number of ways. The most
important of these can be formulated in the following manner.

(1) A prolonged stay under conditions of limited space on board
a space ship is characterized by a dearth of changes in the external
impressions that are characteristic of life on Earth. This condi-
tion permits one to speak about the poverty of external afferentation
and of the monotony of stimuli.

(2) The change from the organism's usual rhythm of activity is
characterized by little motion, by weightlessness, and by a lack of
any real change in day and night.

(3) The impossibility of broad and diverse contacts with vari-
ous people 1s a consequence of the seclusion and the unchanging
nature of the ship's crew.

(4) The peculiaritiesof the microclimate, nourishment, and
sanitary conditions, etc.

(5) The peculiarity of the psychological situation character-
ized by a feeling of remoteness from Earth, by the unusual circum-
stances, and by the possibility of serious emergency situations,
etc.

It must be emphasized that for several of the above-mentioned
pecularities of the life conditions of astronauts, one can find some
sort of analogy 1n research into the physiology and psychol-
ogy of labor. However, no experience exists for carrying out work
operations under conditions of weightlessness in prolonged flight.
This situation can very substantially change the performance of even
the most ordinary work operation and calls for the creation of new
work objectives. However, the formation of operational
dynamic stereotypes 1is hardly possible; consequently, even the prin-
ciples of training will proceed according to some new kinds of
laws. Therefore, to contrast the work activity of the astronauts
with known work processes does not follow.

The work activity of astronauts on a prolonged flight can be
systematically divided into the following aspects.

(1) Activity at the time of duty watches at the control panel.
This is the aspect of an astronaut's work that calls for the great-
est degree of responsibility and includes the control of the operation
of automatic systems and the observation of various indicators,
instruments and signals.

This type of activity can be simply called a "monitoring" /7



activity, since it basically consists of monitoring the readings of
instruments which demands virtually no motion whatsoever.

2 Activity in servicing life support systems. This will in-
clude the observation of apparatus responsible for maintenance of
the necessary gas mixture in the air of the cabin, its humidity,
temperature ,sequences of illumination in the cabin and in other com-
partments the water supply system, etc., and also work in servicing
these systems.

Thus, by their basic characteristics these aspects of the work
in many respects will obviously fall together with the functions of
checking the apparatus. Many instruments, obviously, will be
situated on the central control panel. However, included with the
activity of servicing the life support systems will be such work
as the growing of higher and lower planets and repair work on
apparatus that 1s broken down, that is, activity demanding definite
and sufficiently wvaried motor activity on the part of a man. More-
over, such activities will be of the nature of constant work through-
out the course of the flight (work with plants), and consequently
they can be regulated; moreover periodic and unexpected work which
is hard to take into account (repair work) will take place.

(3) Activity aimed at serving personal needs. Here one must
consider work necessary for the preparation of food, performance
of hygienic procedures and maintenance of sanitary conditions in
he compartment, etc. This activity is also foreseeable and demands motor
activity on the part of the astronauts, and it will be present as
a constant factor occupying a sufficiently large portion of time
among the other work activities.

(4) The activity of astronauts connected with the fulfillment
of in-flight scientific observations will, by its very nature, be ex-
tremely varied and may even demand significant motor activity on the
part of the astronauts throughout the entire flight, except for
certain parts of it, and especially during EVA and disembarking
onto other planets. At the present time it is difficult to give
a sufficiently complete and detailed analysis and full characteri- /8
zation of the enumerated aspects of an astronaut's work activity.
During space flights on ships of the Vostok type, the astronauts
carried out observations on the operation of automatic systems,
performed manual operations in attitude contrecl svyvstem of
the ship, and took care of the life support systems.

It is obviously possible to distinguish two types of astro-
naut monitoring activity. The first type is the observation of
instruments under normal conditions of operation of the automatic
systems--an activity in which the intensity of work is not great.
The second aspect--work carried out under conditions demanding
especially active forms of observation involving a large number
of signals and a rapid rate of appearance thereof (during attitude control,
during docking of space craft at the time of landing, in emergencies, etc.).



Moreover, pure observation of instruments and signals takes place
simultaneously with motor operations for the direction of the ship
or of its systems.

The properties of the first type of activity are dictated by
the necessity of monitoring instruments, the surveying of which is ac-
complished by way of an approved system of alternating and simul-
taneous observations of various aspects of signal types. In addi-
tion a sufficient level of perceptual activity and attention
strain are combined with a lack of intensive muscular activity,
which defines this activity as work operations taking place with
little external effect - However in addition to this, astro-
nauts must be in a constant state of operational preparedness in
order to perceive any unforeseen changes in the makeup of signals
should an emergency situation arise.

Such a combination of a standard well-mastered procedure for
the monitoring of the usual instruments with the necessity of being
in a state of constant preparedness for unforeseen changes in this
procedure places a stress on the excitation and retardation pro-~
cesses of the cerebral cortex and, at the same time, places fairly
high demands on the nervous system of the astronauts. Still greater
demands are m a d e during an activity period of the second type,
when intensive instrument monitorings are combined with deciphering

incoming signals, decision-making, and manual control of
several operations. The swift tempo of such activity often demands /9
on the part of the astronaut a marshalling of all his resources,
so that in the cerebral cortex situations of simultaneous existence
of intensive excitatory and inhibitory processes can arise which,
as is well known, can lead to conflicting interaction thereof.

It must be pointed out that the peculiarities of the monitoring
activity of an astronaut's work at the control panel are dictated by
specific automation features of the given spacecraft. However,
this aspect of activity by its general structure most resembles
that of an operator of highly automated systems. Moreover, the
more intense forms of this work will take place very infrequently
with the ineclusion of some kind of special signals,(upon leaving
the system of automatic apparatus during manuevers in the course
of flight, etc.). In other words, the astronaut must constantly
be in a state of preparedness for extreme activity. Such an aspect
of work does not demand any muscular exertion and is characterized
by little motion, by high activity of the visual and other analys-
orst, and by the stress of attention. Moreover, a limited sphere

Translator's note: An analysor is defined as '"a neural apparatus
which begins at the periphery as a sense organ Or as a sensory
nerve ending connected by means of a chain of neurons which centers
in the lower and high segments of the central nervous system'.
Jablonski, Stanley: Russian-English Medical Dictionary. Ben S.
Levine Ed., Academic Press, New York, 1958, p. 1i4.



of associations instilled with the aid of the signalization system
is used, and no development of new and complex reflexes and differ-
entiations constituting the physiological expression of the creative
function of the brain takes place. This aspect of work activity is
connected chiefly with the processes of perception and with the
analysis of information on the basis of alvready developed stereo-
types.

That which was asserted previously regarding the peculiar-
ities of the monitoring activity of the astronauts while working
at the control panel when all instruments and systems work normally
must be emphasized once more. On the whole, it is difficult to
overestimate the significance of the human creative activity during
a space flight in making observations,ratigqnalizing all phenomena,
making decisions, accomplishing a series of jobs etc.. The phys-
siology and psychology of monitoring-type activity has been devel-
oped less than that of physical labor. The characteristics of
such activity pertaining to space flight are as follows: /10

- The monitoring of instruments under conditions of intense
perceptual activity and attention strain does not necessarily
produce any significant muscular activities;

- The presence of general tension and stress connected with the
possibility of the appearance of an emergency situation.

However, calculations of the probability of serious emergency
situations arising show that there is an insignificant possibility
of such emergencies in space flight. Consequently, the activity
of astronauts on watch at the control panel is basically connected

with monitoring in the pure sense.

It has already been noted that the work of the astronauts
under special conditions (when the docking of two ships takes
place at the time of landing or yhen maneuvering the ship in the
course of its flight) is an exception. However, these stages
occupy a very insignificant period in the usual duration of pro-
longed space flight, and the peculiarities of the work during this
period have a significant number of analogs in aviation. Moreover,
this activity on the part of the astronaut is accompanied by mus-
cular exertions and sensory correction . At the basis of the
monitoring activity by an astronaut lies the specific well-known
problem of the observation of all indications of the instruments
and signals distributed on the control panel, and the skill to
carry out monitoring activities according to plan systematically
and with maximum completeness.

The great responsibility and strain connected with this stim-
ulates a rise in the tonus of the cortex. However, insofar as
such a strained condition is difficult to maintain at a constant
level, quite soon fatigue will develop and consequently a lowering
of vigilance.



Thus, the peculiarities of the activity of an astronaut on
watch are basically connected with the process of perception at
a time of strained attention and the absence of any kind of ex-
ternal activity.

So in space flights, instrument display (signal) monitoring ac-
tivity is limited only to observation and to an absence of motor
activity. This is similar to activity with an inhibited "end".
(Several functions with such an "end" are associated with signals
appearing in the secondary signal system in the form of conclusions
of the "all is normal" type). On the physiological level this sig-
nifies that the work process of an astronaut at the control panel is

a process little correlated with feedback or sensory correction, 11
although it is absolutely necessary, the observation of instruments,
the processes of perception, and interpretation of signals are re-
flex processes. The weak feedback support hinders their course.

The lack of results from preceding operations in the course of
the monitoring function makes the work of the astronaut continue
without the support of received effects. From this it follows
that in order to make recommendations for the structuring of the
astronauts' watches at the control panel, it is necessary to plan
the work in such a way that it consists of separate stages having
completeness in the form of distinct results.

Monitoring activity during the watch period evidently will be
composed of homogeneous components. The lack of variety in switch-
ing between various types of work causes, as is well-known, a
relatively quick development of fatigue, gives rise to a diminution
of precision of perception and increases the possibility of errors.

A1l these peculiarities in the work of an astronaut monitoring
automatic systems appear especially acute in circumstances where
the automation of processes has reached such levels that informa-
tion becomes relatively insignificant and the activity of the
operator takes place under conditions of insufficient stimuli.

The question of such an insufficiency has not been illuminated
broadly enough in the literature. Thus, for example, there are note-
worthy data to the effect that the curtailment of the quantity and
variety of signals has a more deleterious effect on a person than a
surplus of them (certainly within given limits), because by this
the working rhythm is lost, an inhibitory process arises and radi-
ates and a feeling of boredom appears. This leads to the thought
that the maximum automation of all systems carried out with the
noble aim of the rvrelief of the astronaut and of providing for the
safety of flight may at the same time play a negative role. In
this regard further experiments are necessary relating to specific
systems of space flight apparatus.



Thus the work of astronauts while on watch at the control
panel is a unique type of work, necessitating the conduct-
ing of experiments directed toward the lessening of its negative /12
characteristics. In this respect, questions concerning the devel-
opment of optimal regimens and of other measures for the organiza-
tion of a given type of work occupy a primary role.

Briefly mentioning the other aspects of work performed
by an astronaut during a space slight of extended duration (tend-
ing to personal needs, repair and adjustment work, etc.), i.e.,
those aspects which include as a necessary element a certain amount
of motor activity. Their uniqueness isdictated by the specific
freedom of movement under conditions of weightlessness and of the
limited size of the cabin of the spacecraft.

Questions concerning the properties of the coordination of a
man's motions must necessarily be considered as special problems
to be examined by the analysis of work movements under conditions
of unusual forms of foot and handholds. Moreover, it is important
to study the processes of an organism's adaptation to the conditions
of weightlessness.

Thus in standardizing an astronauts' work, great attention
must be paid to the study of the influence of space flight condi-
tions on this work. It is possible to blame its harmful effect on
the general status of the astronaut's organism and, in particular,
on the status of his higher nervous activity.

According to the data of some investigators, the restricted
space and the lack of sensory stimuli create psychological
tension and fatigue -according to the data of others, the develop-
ment of extreme forms of inhibition. Therefore, it is necessary
to examine in detail the influence of a factor such as the invari-
ability and monotony of environment on human work processes.

The works of a number of scholars have indicated the important
role played by the change of sensory stimuli in man's life and work.
I.I. Pavlov showed that monotony leads to the development of diffuse
forms of inhibition in the cerebral cortex. A significant number
of investigations have shown thedeleterious influence of monotonous
forms of work on a man.

The organization of human work agctivity on Earth allows
for the possibility of his switching between different forms of
work, and of changing the stereotyped situation which accompanies

work activity.

Under the conditions of prolonged space flight, it is difficult
to change the stereotyped monotonous circumstances of work and /13
life. For example, during a flight to Mars lasting around three



years, a small number of people, the members of the ship's crew,
will be forced to live under the conditions of the close confines
of the cabin of the craft with limited possibilities for motion

and with monotonous circumstances of work. Therefore, it is es-
pecially important to plan ahead of time such types of organization
of work and rest for the crew which would compensate for this
deficiency.

In order to characterize the work activity of astronauts, it
would be necessary to indicate also those junctures which are
connected with some change iIn work motivation.

In the lives of people on Earth, some of the most important
motivations to work activity are social stimuli and encouragements
which in one form or another (payment, compliment, recognition of
a job well done, its necessity, high quality) reward the work of a
person. Astronauts who have completed flights on ships of the Vos-
tok type accomplishing a special mandate of their native land are
aware of their high mission, and the knowledge of their reward
upon their return could be a powerful stimulus for work activity.
How then is motivation provided for work on long flights lasting
years when social recognition of this work would be delayed for
a very long time?

The special necessity for development of recommendations for
the rational organization of work and rest periods (in the broad
sense of the word) for astronauts follows from very general ob-
servations on the conditions of astronauts' lives discussed above.
This will facilitate successful work and life in the confined space
of the space ship's cabin during flight. 1In order to develop such
recommendations, one must bear in mind the need for a well-selected
crew, the proper structuring of rest (reasonable recreation),

a rational regimen of work (a normal load), etc. All these
guestions must occupy & central place in forthcoming investigations.
It is now very important to define the end goal of this work and

to evolve adequate methods for investigations.



THE PHYSIOLOGICAL BASIS OF HUMAN ADAPTATION TO
SPECIFIC CONDITIONS OF ACTIVITY

S.A. Kosilov and B.A. Dushkov

ABSTRACT: The human organism generally functions
on a precise schedule in accordance with the nor-
mal conditions of the daily dynamic stereotype.
Hence, a person's capacity for work is established.
Under the conditions of a space flight, the work
and rest regimen must be grounded on this basis,
taking into account the necessity of a gradual
but significant restructuring of the astronaut's
physiological functions. Specific conditions

of the astronaut's activities must be determined
in order to overcome the difficulties produced
by the ervironment and to design a satisfactory
program for work activity.

With the transition to the performance of work under the con-
ditions of space flight, the human organism experiences a signi-
ficant restructuring of functionst The astronaut can tolerate
the effects of such factors as velocity, vibration, weightlessness,
etc., after the corresponding conditioning directed to the de-
velopment of an physiological tolerance and endurance to all these
unfavorable factors. But the organism of the astronaut also must
be well adapted to a definite order of activities and to a sequence
of work and rest periods.

A poorly grounded regimen of work and rest can elicit and
hasten the development of fatigue which is a real threat to the
health of the astronauts and lowers their capacity for work.

In the report of the astronauts A.G. Nikolayev and P.R. Popo-
vich, it was noted that all aspects of the work during flight
were fulfilled by them easily and their general conditions were
outstanding. However, several physiological indices of life
activity and of ability to perform work at the end of the flight
bore witness to the presence of fatigue. Thus, six hours after
landing hyperventilation was observed in the astronauts, with a
rise of 24% in the oxygen demand and 30% in the elimination of car-
bon dioxide. Corresponding changes indicating development of
fatigue in the astronauts was established also by a change in the
neurodynamic character of responses on the part of the biocelectric
activity of the cerebral cortex, which were manifested as a
predominance of alpha-rhythms in the central occipital leads.

*Ed. note: physiological indices



Moreover, a slight reduction was observed in the gquantity of erythro-
cytes in the peripheral blood, and there was an increase in the

total protein and serum mucoilds in the blood. Also noted was the
significant content of the desoxycytidinoid fraction in the daily
urine and an increase iIn the quantity of 17-21-hydroxy-20-ketocorti-
costeroids and creatine. Changes on the part of various functional
systems (phase of heart cycle, external respiration and gas ex- /15
change, EEG, etc.), detected in the astronauts V.V. Tereshkova and
V.F. Bykovskiy at the time of the second group of space flights
during the 1-16 day period after the completion of the flight,
corresponded over all to a profile of general fatigue. Both the
degree of the appearance of separate symptoms of fatigue and the
character of the physiological reactions appear to have markedly
individual peculiarities (N. I. Sisakyan, 1964, 1965).

In generalizing results of the missions of the American astro-
nauts and experiments on airplanes, in anecholic chambers and in
observation of the special contingencies of people exposed to ex-
tended durations in a small room of authors (David 1961; Violette
1964, and others% considers that the adaptation of man to space or
to conditions simulating a space flight proceeds according to
definite laws. Human response to prolonged exposure to a complex
of factors (weightlessness, G-loading, acceleration, isolation,
ete.), appears to be unfavorable, although neither the flights
accomplished up to the present time nor terrestrial experiments
serve as a basis for any decisive conclusions. According to the
opinion of these investigators, during the course of further flights
of greater duration optimal conditions must be defined which can
be created in the cabin of a ship for the support of the normal
capacity for work and of the psychological status of the astronauts.

All these data attested to the fact of the development in the
astronauts of definite fatigue, and thus the problems of scientifi-
cally based prophylaxis of this condition are of real essence.

One of the effective means of this prophylaxis is a rational regimen
of work and rest.

As an approach to the design of a regimen of work and rest for
astronauts, the use of one of the well proven regimens worked
out for terrestrial conditions might be proposed, for example,
the regimen of workers at a control panel. Life and practice
obviate such a practical approach to the solution of the problem.
We will indicate the basic reasons for its untenability. First
of all in the organization of work on Earth, we have great possi-
bilities for varying the work process conditions, adapting them
to the peculiarities of human organisms. Thereby it is frequent
that a regime close to the optimal is found through experience,
i.e., by means of comparison of the variance presented by life it-
self and by industry. TFor example, it is possible to arbitrarily
change the beginning and end of working shifts, the time of the

~
[
(2]
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lunch break and of additional regulated breaks, etc.

Under conditions of space flight, the sequence of work, of
periods of sleep, and of types of rest is evidently subordinated to
a significant degree to the idiosyncrasies of technical devices and
to a special assigned task program (communication with Earth, with
other astronauts, automatic and manual guidance, regulation of the
conditions of the environment, etc.) which do not have a close
analogy to terrestrial work activity. Moreover, astronauts are
subjected around the clock to the effects of specific factors of
the external environment in which weightlessness has a particular
significance. One must also consider the extremely intense stress
and responsibility involved in the work of astronauts.

Therefore, it is hardly possible to utilize any of the specific
work-rest regimens developed under Earth conditions in their cur-
rently existing forms. It may be affirmed with all certainty, how-
ever, that the general physiological work adaptation laws lying at
the basis of work capacity dynamics which dictate at which juncture
work will be followed by fatigue are manifested uniquely in all
forms of work activity, including that of the astronauts.

For the investigation of these problems, two directions can
be used; the first-a step by step investigation of a series of ex-
perimental regimens with a thorough characterization of the pro-
ductive efficiency of the test subjects in the study and of changes
in their physiological processes, the other-investigation into
the laws which define the optimal adaptation of a man to a
specific job, the clarification of the dynamics of change in work
capacity, the concrete physiological mechanism of productive prac-
tices, and the productive fatigue of astronauts. Investigations
in the first direction can be carried out to define a regimen of
work and rest more or less approximating the optimal only after 17
the testing of a great number of possible variants chosen at random
without any physiologically-based system. Investigations in the
second direction can be carried out in the most direct way for the
designated goal of the structuring of an optimal regimen of work
and rest, in which the succession of work and rest periods is based
upon physiological laws. In the development of an optimal regimen
of work for astronauts, it is necessary to use creatively all of
the general laws of the dynamics of the capacity for work which
are found in the physiology of labor in every experience of the
physioclogically~-based structuring of a regimen of work and rest for
workers on various specialities. Depending on technical conditions
(involving the use of machine tools, control panel monitoring,
assembly line duties), work physiologists today are availed the
possibility of deriving--even on a practical basis--an optimal work-
rest regimen for workers in various branches of industry and for
those occupied with various types of work by the shortest method
based on the characteristics of industrial processes and processes
taking place within the worker at a physiological level (S.A.Kosilov,
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B.A. Dushkov, 1964). Experlence in the development of physiologi-
cally-based optlmal regimens of work and rest must be used, even for
structuring of regimens of work on the part of astronauts, taking in-
to account the technical conditions of the work and the physiological
laws of the organism's adaptation to the specific work activity.

The useful general laws which must necessarily be taken into account
for the development of the regimen of work of astronauts are,

first of all, the general laws of the dynamics of change in

human work capacity. The correct regimen of work and rest is
characterized by starting work promptly and by continued maintenance
of a high and stable level of capacityto work or by moderate

fatigue. In order to develop measures for prophylaxis of fatlgue

it is necessary to pay attention not only to the last stage in

the dynamics of the capacity for work, but also to all three periods.
Therefore, one must keep in mind the general physiological laws

of gxercise and conditioning® which must be regarded in struc-
turing a regimen of training and work for the astronauts.

For the physiological basis of an optimal regimen of work and /18
rest for an astronaut, one must use quantitative data on the phys- -
iological mechanism of exercise, conditioning and fatigue.

In this regard the principles of the concentration of muscular

exertion and neurological processes and the formation of work
dynamic stereotypes in the course of exercise have a definite

meaning (S.A. Kosilov, 1938, 1941, 1954, 1955, 1963).

In the Fifties, work physiologists relying on physiological
studies of the work dynamic stereotypes and of the change in the
functional condition of the neurological system in the work process
(concentration of muscular strength and neurological processes,
accumulation of residual impressions produced by excitation), worked
out a method for a physiological-based structuring of an optimal
regimen of work activity. It was established by S. A. Kosilov that
as a result of exercise, a diminution of the intervals of time re-~
quired for the basic performance of separate motor acts (a develop-
ment of speed and acceleration maximums); it has been shown that
the formation of this type of work capacity is a function of the
exercise performed in that during the initial stages of the move-
ment, conditions are established which promote the most efficient
execution of subsequent stages of the movement. This bears witness
to the blending of movement into a complete motor act performed
according to a set pattern. It is necessary to view this blending
of formerly uncoordinated elements of movement on the physiological
side as a unique manifestation of a systematicity of higher neuro-
logical activity conditioned by the specific work activity--this
is the principle of dynamic stereotype. Insofar as this manifesta-
tion cannot fully be identified with the dynamic stereotype in ani-
mals or with the motor dynamic stereotype, in the treatise of
A.N. Kresovnikov (1954) and of M. I. Vinogradov (1958) it was ex-
pediently termed the work dynamic stereotype.

% Ed.note: Literally, this signifies adaptation to physical stress
through exercise conditioning.
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A study of exercise with simple and complex movements and of
work with variation in the duration of micropauses under conditions
involving various activities shows that concentration of neural
processes during exercise is connected not only with the effect of
conditional support of the attainment shown by the result, but
also with the change in the functional status of the nervous sys-
tem as a consequence of the accumulation of residual impressions
from excitation which remain after the end of each successive move-
ment. The above-mentioned regular laws are true of activities
demanding mainly a strain on the attention for solving mental
problems as well as for physical labor. Thus a study of the residu-
al impressions from excitation remaining after the completion of a
simple visual motor response showed that they can be noted 8-10
seconds after the end of the motor response, that is, such an in-
terval of time in the course of which a new work activity or move-
ment may begin and develop (B. S. Volkov, S. A. Kosilov 1965).
During fatigue from mental work, this time lapse increases while
after rest it diminishes.

A uniqueness in disarray of the work dynamic stereotype is ob-
served also in the sequence of preparation for flights and in people
who find themselves for a long period of time under conditions
approximating those of space flight. From the point of view of
Physiological studilies on work dynamic stereotype, one of the charac-
teristic specifics of astronaut work appears to be the limitation
of stimuli signalling the results of activities and the limitation
of the possibility to accumulate residual impressions from excitation.
On the basis of these properties it is possible to assume that with
astronaut fatigue, the status of the nervous system must change due
to a lowering of concentration of neural processes in the dominant
focus of excitation, which in turn can appear as the cause of a
retardation of work function and the development of subjective
feelings of difficulty in performing motor activities. On checking
with the aid of the method worked out by us (B. A. Dushkov, 1965)
on the basis of a study of work dynamic stereotypes and change in
nervous system status, objective data characterizing the specifics
of this fatigue were gathered; thus after two subjects, 0. and C.,
stayed for five days under conditions simulating several aspects
of space flight (posture, nutrition, regimen of life, etc.), the
responses and stability of time-strength responses noticeably
changed. In both subjects, a lowering of muscular endurance
occured. With subject C., the ability to maintain half maximum
strength for long periods diminished from 38 to 31 seconds; with
subject 0., this index decreased from 53 to 42 seconds. At the
same time, there was almost no change in muscular strength. After
the experiment the subjects made more mistakes in reproducing small
and great physical [isometric] exertions. There were observed
changes in the perception of fixed time intervals (see Table 1). As
the data concerning the changes in response indices after the 5-day
experiment in Table 1 show, the subjects experienced a decrease
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TABLE 1. CHANGE OF TIME AND STRENGTH INDICES BEFORE AND AFTER THE 5-DAY EXPERIMENT.

Subject Ch Subject O
Before After Before After
Experi- Differ- Experi- Differ- |Experi- Differ- Experi- Differ-
No. Index ment ence ment ence ment ence ment ence
1 Muscular ‘ l
strength (Kg) 48.15 - 45,15 -3 4o, 1 - u2.1 -0
2 Strength
endurance !
(seconds) 38 - ©oo31 -7 53 - 42 -11
3 Pause i
10 seconds g8 ' -2 13 +3 B -1 4.0 -6
4 Small force 15 -5 .30 +10 L 25 +5 30 +1.0
5 Pause ‘ :
10 seconds 8 -2 ., 13 +3 9 -1 8.6 -1l.4
6 Large force g5 © 45 P110 +20 | 100 +10 | 1920 +30
7. Pause ‘ i | |
10 seconds 10 0 ' 12 +2 i 9 -1 | 6.0 -4
8 Small force : :
3 seconds........ 30 +10 : 35 +15 30 ; +10 30 +30
2.5 0.5 . "2 =T } 2.7 -0.3 [y 1.4
9 Pause
10 seconds o 12 L 42 ‘ 8 -2 } 9.5 -0.5 9 | -1
10 Large force : f
3 secondS..oesone 80 ’ -10 110 | +20 ( 85 | *5 80 -1l0
2.5 | -0.5 2 ! -1 3 0 3 0
11  Pause ‘ ' j ‘
' 10 seconds 8 -2 | 8 -2 10 0 ! 8 -2
12 Small force i f ' t
10 seconds....... 18 = -2 . 55 +35 | 2y o+ 15 5
13, Pause g -1 ) -2 ‘ 9.5 -0.5 10 0
10 seconds 10 0 ’ 7 -3 1 10 0 10 0
14 Large force ! : | : '
10 seconds....... 80 -10, 110 +20 100 - +10 80 -10
r 11 4T 6 -4 | "I0 , o L 10 0
Notes. (1) Indices in No. 8, 10, 12, 14 are given as fractions: in the numerator--the

applied force in arbitrary units; in the denominator-duration of time intervals.
(2) The subjects were directed to exert a small force--20 arbitrary units—and a
large force--90 arbitrary units.



in ability to differentially evaluate time intervals and their own
muscular exertion. This 1s decisive proof that a "deconcentration”
of nervous processes occured.

For example, upon completion of the tests after the experiment,
subject C. experienced a diminution in the accuracy of defining
10-second intervals of time by shortening them 30-40%. Moreover,
the error in reproducing small exertions at 1l0-second intervals of
time increased by 35 conditionalX units. Having analyzed the adif-
ference in the results of tests carried out according to separate
indices of the time-strength response before and after the experi-
ment, it is possible to conclude that in a given case a great dif-
ference in coordination of movements, static endurance and judge-
ment of intervals of time appears. The reliability of the neuro-
muscular apparatus diminished in the production of assigned physi-
cal work, and the functional possibilities for fulfilling an estab-
lished amount of a programmed intellectual activity in the course
of a given length of time also diminished.

A "deconcentration" of the nervous processes in connection with
a 5-day stay in a chamber of small volume was demonstrated with the
aid of a method for defining physical exertion and time by counting
orally. In this methoed, the subjects were presented with the task
of squeezing a dynamometer with maximum speed in sequence according
to a given program, and to total mentally the amount of kg of ef-
fort applied. After exposure to the experimental conditions, there
is an increase in the number of errors allowed in performing the
exertions, and the quantity®*% of intervals between successive
squeezes of the dynamometer grew. In various positions, these in-
dices after the experiment changed nonuniformly. The greatest
number of errors were noted when the subjects were in the standing
position or lying on the stomach. Upon completion of the test
(oral count) in several positions (sitting, lying on the back), the /22
time of the count was shortened, which evidently implies a certain
facility through practice of the subjects in this activity.

By means of observation and interrogation, it appeared that
the subjects first noted fatigue on the third day of their stay in
the chamber. They experienced pain in the knee joints and a gen-
eral worsening in their well-being (weakness).

After we have diagnosed the presence of special fatigue in
the subjects and have elucidated its physiological mechanism, it
becomes necessary to design a means of prophylaxis for fatigue by
means of optimalization of the work regimen. In fact, on the
basis of experimental data, several criteria for the definition of
dynamic change in the subjects' nervous systems were derived, from
which it is possible to define the early stages of impairment of
the work dynamic stereotype. The ascertainment of the early stages
of specific fatigue is a decisive condition for the successful
prophylaxis and optimalization of the regimen of work and rest
¥Ed.note: "Conditional" units are those devised for the specific experimentation.,
*¥Ed,note: sicl It would seem that the original meant to state "magnitude", however.
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in extreme circumstances.

ofa

A study of specific exercise processes in industrial innovators®
(S. A. Kosilov, 1959) and in students (Z.N. Briks, S. A. Kosilov,
1963) led to the discovery of the great significance of planning a
worker's activities for the mastering of complex labor operations
and of constantly comparing work activities performed with concepts
of correct manipulations. Simultaneously, with the latter, a
refinement and specification of the integral model of work activi-
ties can take place because of the enrichment of motor experience.
The data available in the literature shows that for work connected
with the operation of remote-control apparatus, there is a charac-
teristic formation and reproduction of an "operative model™ (D. A.
Oshanin, 1966). Evidently, this factor has great significance in /23
the work and in the regimen of living activities of an astronaut. -
A physioclogical analysis of the integral model of work activities
showed the most important conditions for its reliability. For the
perfection and maintenance of an integral model of work activity,
it is necessary to have an impression in the cortex of the cerebral
hemispheres of residual impressions from excitation from correctly
fulfilled, most effective variants of work operation. These im-
pressions accumulating with repetition or upon starting work, reach
such a level of intensity that they give rise to conscious ideas
about the best variant for the performance of a given work activity.
Some of the residual impressions from excitation may remain below
the threshold of sensitivity and still influence the control of
work motion. There is a unification into a single system of ideas
of the correct method of performing work operations (received with
instruction) and the unconscious residual impressions from excita-
tion of the motor analysors which is a unique confluence in the
work process and an interaction of the functions of the primary and
secondary signal systems. A summation of what will take place in
the work regimen evidently will depend upon the accuracy of the
integral model of work activity.

1

For the successful mastery of skills and for rapidly acquiring
skill through experience, it is important before starting the work
to recite verbal instructions at the time of performance of the
exercise. A person's formation of a clearly defined integral model

TThe idea of an integral model of work activities developed by
S.A. Kosilov (1965) corresponds to the physiological mechanism of
the collation of work activities taking place at a given moment,
with those which were planned and printed in the prior experiment.
It has been experimentally established that the net indicated cor-
respondence is based on the accumulation of the vestiges of excita-
tion of the stimuli coming from perceived instructions, and from
direct action on the nerve endings of the analysors, including a
number of the motor analysors.

%“Ed. note: In the USSR, "Innovator" is a term often applied to
laborers who exceed their quotas by wide margins.
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of work activities is markedly facilitated by correct work conductor
behavior, which can facilitate programming the behavior of a person
under specific circumstances.

Under the influence of various factors acting upon the physi-
ology of the astronauts, the integral model of work activity under-
goes changes which are expressed by nonuniform weakening of its
various components; in particular those connected with the excita-
tory residual impressions in the primary and secondary signal® sys-
tems. It is known that a subject in a pressure chamber under con-
ditions of lowered pressure will write an account of his sense of
well-being marked by sharp disturbances in the handwriting. A. V.
Eremin, I. I. Kasyan, I. A. Kolosov, V. I. Kopayev, and V. I.

Lebedev (1965) indicate that, according to their observations, as- /24

tronauts on long flights develop sensory and motor function dis-
orders connected with a feeling of fatigue.

This leads to the conclusion that in the regimen of work of
astronauts, it is necessary to bear in mind exercises directed
towards the maintenance and strenthening of the integral model of
work activity; in particular, exercises which include both motor
activities which are internally consistent and the solving of
mental problems: that 1is, the simultaneous fulfillment of responses
to a complex of stimull, including direct stimuli and stimuli ad-
dressed primarily to the secondary signal system. As far as experi-
ments with students are concerned, there appeared to be a positive
influence of the simultaneous repetition of verbal instructions with
a corresponding work movement. Analagous to this in our experiments
(B. A. Dushkov, F. P. Kosmolinskiy, 1966), the favorable action of
special exercise on the work capacity of subjects was established,
bearing in mind the activity of the primary and secondary signal
systems and the simultaneous performance of motor actions and oral
counting.

The final period of dynamic work capacity i1s characterized by
the development of fatigue. The study and development of fatigue
permits one to draw the conclusion that fatigue under specific work
conditions is closely connected with a regular change in the func-
tional structure of the nervous system, as a consequence of pro-
longed accumulation of the excitatory residual impressions.

Moreover, upon attainment of a high level of capacity for work,
any further continuation of work and addition of residual impres-
sions does not lead to a heightening of awareness and functional
mobility of the systems of the work dynamic stereotype, but rather
to their lowering, according to the law of parabiosis of Vvedenskiy.
Concrete manifestations of this regularity of work processes under
terrestrial conditions was observed in the study of the dynamiecs of

the work capacity of laborers at the time of shift changes. Thus,
for example, in switchboard operators there was observed a heighten-
*Ed.note: Throughout this discussion, "signal" is meant to convey

"arouse" or "arousal'" in a psychologlcal sense.
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ing of the functional mobility of the visual analysors (established

by determining critical frequency of phosphene) and of awareness,
(defined by the magnitude of the threshold of the electrical exci- /25
tation of the optic nerve), in the course of the first two hours -
of work, and a reverse change in these indices at the end of the
working day (A. I. Kikolov, 1955). 1In the given example a change

was observed in functional mobility and the visual analysor; in

other such works, analogous dynamics were established in the status

of the motor analysors (T. N. Pavliova, 1954.

A lowering of excitability and of functional mobility (lability)
elicits disorders in the concentration of neural processes as a
consequence of an impairment of the work dynamic stereotype. Thus
on the basis of the data received in the study of the physiological
processes examined above among workers under various conditions,
the possibility is presented of discovering the physiological es-
sence of fatigue as an impairment of the work dynamics stereotype
as a consequence of the change of the functional condition of the
nervous system (lowering of excitability and of functional mobility
of the nervous system in the development of parabiotic inhibition).
Besides this, it must be considered that the basic process com-
prising the essence of fatigue appears differently, depending upon
the peculiarities of the specific type of work. 1In this regard, it
is especially important to conslider two circumstances. In the first
place a disorder in concentration of the neural processes and im-
pairment of the work dynamic stereotype does not equally influence
the functions of the various analysors of the system components.
Usually there are observed changes primarily in those functions
which participate above all in the work process. Thus, for example
during heavy physical labor, changes in physiological functions
will be different from data obtained by studying fatigue in stereo-
scope operators. In the first instance, changes will be observed
in the functions of the muscular system, and Iin the second case, in
vision. In the second place, neurodynamic disorders connected with
industrial fatigue do not immediately lead to an impediment or to
a curtailment of actual work. For the most part, a person in a
fatigued condition will continue work for a certain length of time,
seeking various means of adaptation to the altered status of work

capacity.

We will treat certain laws of physiological processes charac-
teristic for those engaged in intellectual work. During intense
intellectual exercise demanding special concentration and attention
and the swift performance of a great number of intellectual opera-
tions, the capacity drops comparatively quickly, which is demon-
strated by the diminuticon in hourly productivity beginning with the
4-5th hour of work (T. N. Pavlova, 1957; V. P. Solovyeva, 1957).
Upon the completion of such work, the accumulation of excitatory
residual impressions continues noticeably longer, which leads to
the development of deeper stages of the parabiotic process in the
cortical regions of the motor analysors, and to the rise of radical
counter-measures to fatigue, such as preservational inhibition,
which protect the nerve cells from excessive exhaustion.

~
N
(o)}

|
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The period of productive work activity comprise? a ?omparatively
short length of time in the daily period of a person's life. ?n the
development of a daily regimen of work and rest, one must.con51der
that after the completion of productive work, a person sw1?ches.to
other activity; separate and with a dominant type of behavior dif-
ferent from that of productive labors.

In the construction of a daily regimen for work anq rest,
diurnal changes in physiological functions m?st be considered. M?re
over, it is necessary to consider that the diurnal rhythm of phy§1o-
logical functions is genetically fixed and by the persona% experi-
ence of each person in regard to a complex system of ?ondltloneq )
reflexes (eating, resting, sleeping, etc.). This series of activi-
ties forms the so-called diurnal dynamic stereotype wh%ch is charac-
terized by a rise in the excitability of the §ympathet1c nervous
system and of the motor apparatus in the daytime hours, and by a
lowering thereof at night.

In a different regimen of work and rest, depending on the pe-
culiarities of the specific type of work and also on various, some-
times permanent disruptions of the usual temp? a?d.rhythm of work,
various deviations from the typical daily periodicity can occur.

The question as to the adaptation to a new regimen ?f work and
rest and to changed diurnal physiological function dynamics was the
object of investigation by a number of authors.

Thus, for example, in the work of Raboutet et al. (1960) it
was noted that adaptation to a new regimen or work and rvest among

Pilots flying great distances was very difficult. Lewis and Lobban /27

(1954) observed the physiological condition of 8 subjects living a
22-hour day (at Spitsburgen). One of them experienced a restructur-

ing of rhythm; the other 7 consistently followed a 24-hour daily
rhythm.

Haute (1960) carried out an interesting experiment in the
changes iIn work capacity on subjects placed in a special room. The
subjects were exposed to the following regimen: 4 hours of work,

4 hours of rest, and again 4 hours of work, etc. The work consisted
of activities with complex systems of control. The mean value of
productivity was considered, which for each operator was evaluated
at 8-hour intervals. The author notes that adaptation differed with
different individuals. For several functions of the operator (for
example, the recording of instrument readings) the diurnal rhythm is
shown to be much weaker for the same functions with several other
operators. The degree of adaptation of an individual operator dif-
fers with the various aspects of activity; for example, with the
recording of data recognition work at a radar screen. For one of
the operators, whose diurnal component was expressed expecially dis-
tinetly, adaptation to an 8-hour day appeared to be extremely diffi-
cult. Evidently the degree of adaptation to an artificial external
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regimen depends on the restructuring of rhythm in relationship to
various changes in the conditions of 1ife activity.

In studying the daily rhythm of autonomic functions during
space flight (G. V. Altukhov, P. V. Vasil'yev, 1965, et al.) it was
noted that during an extended period, a man exposed to weightless~
ness undergoes a number of changes in autonomic function--pulse
rate, breathing, body temperature, and diurnal rhythm~-the mechanism
of which, in the opinion of the authors, probably is connected with
the specific effect of weightlessness as well as with emotional
strain.

For the crganization of a daily regimen of work and rest of an
astronaut, the important conclusion of a number of works dedicated
to the study of daily periods of physiological funections (S. O.
Ruttenburg, 1963; G. M. Gambashidze, N. I. Naslodova, 1965, et al.),
concerned the possibility of an organism's adaptation to a changed

daily regimen. As an index of such an adaptation, the amplitude of
diurnal fluctuations of several physiological functions (body tem-
perature, pulse rate, work capacity, etc.) may be used. There ap-

pears to be more lee-way in relationship to the daily regimen in
the function of the musculature and nervous system than in the in-
ert processes of temperature compensation and blood circulation.
Changing the daily regimen under the control of this index, one can
purposefully change the diurnal dynamics of physiological functions.
Under certain circumstances, the work can effect a shift in diurnal
rhythm. Thus in the investigations of V. P. Solov'yeva and G. M.
Gambashidze (1960), it was noted that diurnal rhythm of physioclogi-
cal functions of a person working during the night was preserved
without changes; but also M. A. Gritsevskiy and Ye. A. Fat'yanova
(1964) note that the internal rhythm of physiological functions
showed changes in comparison with the usual daily period among
operators in the chemical industry working the night shift.

Experiments on animals were carried out establishing the possi-
bility of the change in daily periods of life functions. According
to the data of G. I. Shirkova (1949), in monkeys (Macaca lapunderi)
a distinct daily rhythm of conditioned reflex activity is observed,
which is expressed by the fact that the monkey completely refused
to respond to complex condition signals at night. However, simpler
well established stimuli could induce complete responses (E. M.
Cherkovich, 1961). As the investigation of Den Su I and K. P. Iva-
nov (1961) shows, a change (inversion) in the light regimen with
illumination at night and darkness during the day by the fourth
daily period brings a corresponding restructuring of the rhythm of
motor activities in animals (fat lorigf). Corresponding changes in
gas exchange, respiration rate and body temperature reach their
full expression noticeably later, on the 11-12th day.

In the experiments of 0. P. Shcherbakova (1938,1959) on mon-
keys, it was established that with the creation of a rhythm of 1life
under which animals found themselves under artificial illumination
and received food at night, and in the day found themselves in
*Ed.note: Reference here is to Loris tardigradus, the "slow loris".
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darkness and did not receive food, they underwent a full restruc-
turing of the usual dynamics of 1life functions. Under the influence
of such conditions, a change in the diurnal rhythm is noted whereby
intensification of life functions in the animal took place during
night hours, and a lowering during daylight hours.

Applicable to the solution of the problem of the physiological
basis of the diurnal regimen of life activities in an astronaut,
a decisive significance is acquired by the clarification of the
Principle possibility of the restructuring of daily periodicities,
in the sense that an increase in excitability of the autonomic
functions and motor apparatus would have developed in his waking
hours during work at nighttime. If one agrees with the opinion of
0. I. Margolina (1954) as to impossibility of such restructuring,
the reordering of work is impossible and the life of an astronaut
must be structured strictly in keeping with terrestrial rhythm.
The authors maintain that to distort the human diurnal rhythm ex-
Perimentally almost cannot be done successfully.

Interesting observations were made by I. C. Kandror (1954),.
He showed that under specific conditions as, for example, traveling
by train from Moscow to Vliadivostok, after 8 days of travel the
diurnal rhythm is restructured. Among the passengers on the train,
after 3 days a restructuring of the diurnal stereotype already had
taken place. As is well known, between Moscow and Vladivostok
there is a time zone difference of 7 hours. For each day of travel,
the whole system of 1life for the passengers shifts one hour. Cor-
respondingly, their behavior changed. Passengers began to get up,
to go to sleep, to eat, to go out into the stations mnot according
to Moscow time but according to local time. Coincidentally,
changes occurred in the times when the index of physioclogical func-
tions (body temperature) reached its highest and the lowest values.

Another investigation by the same author noted that among
people in the far north during the polar day and night, various
disturbances of a compensatory nature and in the amplitude of the
daily body temperature curve are observed. During the polar day,
most often a prolongation of the day phase is mnoted; in the period
of pelar night, there is a prolongation of night phase. The
author is inclined to view these data as an indication of a change
in the balance of the excitatory and inhibitory processes in the
cortex of the cerebral hemqspheres, depending on the intensity of
natural illumination.

A comparison of the data presented above indicates that shifts
in diurnal stereotype functions in a person take place easily if

the entire way of life changes at the same time.

Investigations in chambers showed that adaptations of subjects
to the usual 24-hour cycle ith sleep other than at night)
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took place more quickly (by the 8th day) than to an 1l8-hour cycle.
Evidently the restructuring of the periodicity of sleep and wake-
fulness have great significance here, and did not correspond to
external rhythms. Evidently adaptations to new diurnal rhythms are
formed, gradually overcoming former temporal relations among periods
of sleep, work and rest.

In connection with the materials examined, the question con-
cerning specific measures facilitating adaptation to diurnal rhythms
acquires great significance. As far as astronauts and subjects in
small chambers are concerned, it would be interesting, along with
the physiologically based motor regimen, to test the action of hyp-
notism (for example, by means of flashing lights and of electro-
narcosis) and also, for example, of other means of regulation of
the inhibition and excitation processes, including several pharma-
cological ones.

With the design of a regimen of work and training of an astro-~
naut in preparation for long flights, it is necessary to consider
that the circumstances in which there are regular transitions of
the various states of work capacity, the beneficial influence of
rest, and the resumption of work at former intensity are associated
with a stable, reliable system of reflexes--the work dynamic stereo-
type and its most important component--the integral model for work
activity.

The multifaceted activity of a man in society is the source of
necessary stimuli for the formation and support of an integral
model of work activity--a concept concerning the goal of work "which
as a law defines the mode and character of his activity to which he
must subordinate his will"2. Based upon these considerations, it
is necessary in the process of preparation for the specific condi-
tions of astronaut activity, not only to establish conditioning in
order to surmount difficulties of an exogenous character in order
to be able to withstand the severe effects of external factors,
but also to evolve an adequate program of work conduct, insuring
high levels of goal-oriented intellectual and physical activity.

ZKarl Marx, Capital, Vol. 1, Moscow, 1949, p. 185.

22

/31



References

Altakhov, G.V. and P.V. Vasil'yev: 2Zhurn. Izv., ANSSSR ser. biol.,
No. 2, pp. 182-187, 1965.

Brandt, E.I., and 0.I. Margolina: In the Book: Opyt izucheniya
regulyatsiy fiziologicheskikh funktsiy (An Experiment in the
Study of the Regulations of Physiological Functions). Vol. 3,

p. 180, Moscow, 1965.

Briks, Z.N. and S.A. Kosilov: Zhurn. Vyssh. nervn. deyat., Vol. 13,
No. 5, p. 928, 1963.

Bykov, K.M. and A.D. Slonim. In the Book: Opyt izucheniya nerv-
noy regulyatsii fiziologicheskikh protsessov (An Experiment
in the Study of Neural Regulation of Physiological Processes).
Moscow, 1947,

Vinogrador, M.I.: Fiziologich. Zhurn, SSSR, Vol. 19, No. 1, 1835,

Vinogrador, M.I., Z.M. Zolina and S.A. Kosilov: Fiziolog. zhurn.
SSSR, Vol. 45, No. 9, p. 1045, 1959.

Bolkov, B.S.: Materialy 6-y nauchnoy konferenentsii po voprosani
vozrostnoy morfologii, fiziologii, biokhimii (Materials of-

the 6th Scientific Conference on Questions of Growth Morpho-
logy, Physiology and Biochemistry), Moscow, 1965, p. 292,

Gambashidze, G.M.,: Zhurn. gig. truda i profzabol, Vol. 1, No. 12,
1965.

Gritsevskiy, M.A.: In the book: ITI Vsesoyuznoye nauchno-tekh-
nicheskoye soveshchaniye po tekhnike bizopasnosti, ozdorovleniyu
usloviy truda i povysheniyu kul'tury proizvodstra. Sektsiya 2.
Fizilogiya truda (2nd All-Union Scientific-Technical Conference
on the Techniques of Safety. Sanitation of Work Conditions and the
Elevation of Production Efficiency. Section 2. Physioclogy of
Labor . Moscow, 1964, p. 22,

Den Su I, and K.P. Ivanov: In the Book: Opyt izucheniya regulatsiy
fiziologicheskikh funktsiy v yestestvennykh usloviyakh sushchest-

vovaniya organizmov (An Experiment in the Study of the Regu-
lations of Physiological Functions Under Natural Conditions of an
Organism's Existence). Vol. 5, Moscow, 1961.

Dushkov, B.A. and F.P. Kosmolinskiy: Materialy XVIII Mezhdunarod-
nogo psykhologicheskogo kongres a. (Materials of the 18th Inter-
national Psychological Congress) Vol. 2, Moscow, 1966, p. 47u4.

Yeremin, A.V., I.I. Kas'yan, I.A. Kolosov, V.I. Kopayie, V.I.
Lebedev: Zhurn. Izv. ANSSSR. Ser. biol.,No. 3, 1965.

Kandror, I.S.: In the book: Opyt izucheniya fiziologicheskikh
funktsiy (An Experiment in the Study of Physiological Func-
tions), Vel. 3, Moscow, 1954, p. 185,

Kandror, I.S.: 1In the Book: Opyt izucheniya regulatsiy fizio-
logicheskikh funktsiy v yestestvennykh usloviyakh sushchest-
vovaniya organizmov (An Experiment in the Study of the Regu-

lations of Physiological Functions Under Natural Conditions of an
Organism's Existence ). Vol. 5, Moscow, 1961.

Kikolov, A.I.: 2-ya nauchnaya konferentsiya po voprosam fizio-
logii truda (2nd Scientific Conference on the Questions of the
Physiology of Labor) Kiev, 1955.

Kosilov, S.A.: In: Uchenyye zapiski Leningradskogo Gos. Univ-

ersiteta, No. 23, p. 181, 1938.

23



Kosilov, S.A.: 1In the Book: Referaty rabot uchrezhdeniy otdel-
eniya biologicheskikh nauk ANSSSR za 1940 g (Papers of the
Works of the Institutions of the pivision of Biological Sciences
ANSSSR for 19u40) Moscow-Leningrad, 1941, p. 370.

Kosilov, S.A.: In: Uchenyye zapiski Leningradskogo Gos. Univ-
ersiteta.

Kosilov, S.A.: Rabotosposobnost' cheloveka i1 pyt' yeye povyshe- /32
niya (Man's Capacity for Work and How to Elevate It).
Moscow, 1955.

Kosilov, S.A.: Rezhim truda i otdykha na proizvodstve (A
Regimen of Work and Rest in Industry). Moscow, 1958.

Kosilov, S.A.: In the book: Voprosy psikhologii (Questions of
Psychology) No. 5, 1959, p. 104.

Kosilov, S.A.: In the Book: Rezervy rabochego vremeni i opyt
ikh ispol'zovaniya na promyshlennykh predpriyatiyakh (Reserves

of Working Time and the Experience of Their Use in Industrial
Enterprises). Krasnoyarsk, 1964, p. 16..

Kosilov, S.A.: Ocherki pofizio logii truda. (Essays on the
Physiology of Labor) Moscow, 1965.

Krestovnikov, A.N.,: Fiziologiya Cheloveka ( Human Physiology).
Moscow, 1954.

Oshanin, D.A.: Materialy XVIII Mezhnarodnogo psikholdgicheskogo

kongresa (Materials of the 18th International Psychological
Congressy. Vol. 2, Moscow, 1966, p. 438.

Pavliova, T.N.: Zhurn. vyssh. nervn. deyat.,Vol. 4, p. 196, 1954.

Ruttenburg, S$.0. and N.I. Nasledova: In the Book: Materialy IV
nauchnoy konferentsii po fiziologii truda, posvyashchennoy
pamyati A.A. Ukhtomskogo. (Materials of the 4th Scientific
conference on the Physiology of Labor pedicated to the pMemory
of A.A. Ukhtomskogo). Moscow, 1964.

Sisakyan, N.I. and V.I. Yazdovskiy (ed.): Pervyy gruppovoy kos-
micheskiy polet. (The First Group Space Flight).Moscow, 1964,

Sisakyan, N.I. (ed.): Vtoroy gruppovoy kosmicheskily polet
(The Second Group Space Flight). Moscow, 1965.

Solov'yeva, V.P.: In the Book: Voprosy fiziologii truda (Ques-
tions of Work Physiology). Mocscow, 1957, p. 160.

Cherkovich, Ye.M.: In the Book: Opyt izncheniya regulatsiy
fiziologicheskikh funktsiy v yestestvennykh uslovigakh su-
shchestvovaniya organizmov .(An Experiment in the Study of the
Regulations of Physiological Functions Under Natural condi-
tions of an Organism's Existenced. Vol. 5, Moscow, 1961.

Shirokova, G.I.: Biol. yeksp. biol. i med., Vol. 8, 1949.

Shcherbakova, 0.P.: Biol. yeksp. biol. i med. Vol. 5, No. 2, 1938.

Shcherbakova, 0.P. In the Book: Opyt izucheniya periodidreskikh
izmeneniy, fiziologichesleikh funktsiy v organizme. Pod red,
akad. K.M. Bykova (An Experiment in the Study of Periodic
Changes and Physiological Functions Iin an Organism. Under
the Editorship of Acad. X.M. Bykov). Izd. AMNSSSR, 1959.

David, H.M.: Missiles and Rockets, Vol. 8, No. 21, p 36, 1961.

Houty, G.T. and F. Halberg: Fed. Proc., Vol. 19, p. 54, 1960.

Lewis, P.R. and Lobban M.C.:J. Physiol., Vol. 125, p. 34, 1954,

Violette, F.: Rev. internat. ser. saute armies terre, mer et aire,
Vol. 37, No. 2, pp. 103-115, 1954,

21



THE RATIONAL DESIGN OF A REGIMEN OF WORK
FOR ASTRONAUTS.

F.P. Kosmolinskiy and B.A. Dushkov

ABSTRACT: Experiments have evidenced the
changes in bodily and mental functions which
result from the unique environment peculiar

to space flights. The author discusses these
and proposes methods of organizing the astro-
naut's work and rest regimen to compensate for
and/or avoid these changes.

At the present time it is still not possible to compose a
professiogram of the work of an astronaut. In literature there
is almost no information on this problem. In the published works

it is basically the capacity for work of subjects under terrestrial
laboratory conditions simulating several factors of space flight
that is observed. (F. D. Garbor, et al., 1963; N. N. Gurorskiy,

et al., 1966).

A correct regimen of work and rest promotes a high level of /33
human work capacity for extended periods, thus preventing fatigue
and overtaxation. Elevation of pulse rate, arterial pressure,
frequency of respiratory movements and lung ventilation, and an
increase (or a decrease) in emotional excitability etc. during work
performance must be viewed as an indication of excessive strain on
the astronaut and of the difficulty and tedious nature of the work.
A deeper degree of fatigue appears in the form of a prolonged
worsening of physioclogical indices and with sharp fluctuations in
the duration of work periods.

It must be noted that there is no strict proportionality be-
tween the magnitude of these functional changes and the degree of
difficulty of the work. The level at which a given function is
established in the course of an extended length of time can be a
consequence of physiological adaptability rather than a sign of
fatigue.

A rational regimen of work and rest for astronauts must be
constructed on the basis of these functional indices. Also
specifications of the work and of factors influencing the condi-
tion of the astronaut'sphysiologymust be considered (emotional
strain, isolation from the external world, heightening of sensory
feelings or of insufficiency, small amount of motor activity,
elevated concentration of attention, the unusual circumstances of
weightlessness, etc. /-
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I.M. Sechenov emphasized that in order to work without
tiring, it is necessary to have a definite relationship between
the factors of work (frequency and strength of movements and also
the size of the obstacles to be surmounted)and the length of the
rest perilods,

It is well known that the human work capacity changes reg--
ularly or in a regular manner during the course of the working day.

At the beginning of the working day, the "working-in"

phase lasts for 1-2 hours. It is characterized by the gradual ele-
vation of the work capacity and of the amount of productivity of la-
bor at the end of work. Such productivity is indicated by the rise
in hourly output, which is a function of the speed of thought
processes and of the work movements, the development of motor con-

reflexes, functional mobility, concentration of neurologi- /3U4
cal processes, etc. After that begins a period of work capacity -
characterized by a sufficiently extensive stability in the work
capacity level. In the third period a lowering of the indicated
capacity for work and of productive work is observed, evidencing
the onset of fatigue. Before the end of the working day, it is
often possible to define one more period: the final rush in which
work capacity is improved for a short time.

Measures taken for hygienic work must facilitate the maintenance
of a high capacity for work and the avoidance of fatigue. With
the appearance of the first signs of fatigue, small recesses are
recommended, which may be either passive or active (fulfilled by
means of specially selected physical exercises). The question of
the extent of each break is decided according to the level of
strain and the nature of the work.

With physical work, this break is established by the time
necessary for the restoration of the rate of cardiac contractions,
lung ventilation, oxygen demand, etc., which in a majority of
cases averages out to 5-10 minutes.

The first 3-5 minutes of this have a greater significance
in the restoration of the physiological work capacity. Therefore,
for organization of the regimen of work and rest of an astronaut,
it is necessary to exchange extended breaks with more frequent
short breaks. Another advantage of short breaks appears to be that
during a non-extensive pause, the work setting is preserved.

During short breaks, the astronaut's rest may be either pas-
sive or active. Most effective is an activerecess with physical
exercises. Programs of physical exercises must be chosen, keep-
ing in mind that unique factors of the external environment are act-
ing on the astronauts: for example, weightlessness and the
characteristics of his work. Experimental investigations show
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that for people occupied with intellectual labors, short breaks
must be taken during each hour of work. Thus, in studying the
regimen of work and rest of control panel operators in a television
studio, it was established by A. I. Kikolov that the indices of
physiological function express positive adaptation to the work
during the course of the first 3-4 hours, after which they indicate
progressive lowering of the work capacity. Therefore, the duration
of work at control panels was limited to 4 hours, 30 minutes per
working day. During the remaining time (2-~-1/2 hours), the control
panel workers were used for various other jobs. It was also recom-
mended that work at the control panel be alternated with other
processes. In the course of 4 hours and 30 minutes of work at the
control panel, during each hour an active break of 10 minutes was
established (three breaks during the working time). This regimen
markedly improved the work capacity of the operators. In particular
pulse and arterial pressure stabilize, and during the time of pro-
gram broadcasts, they rose insignificantly (maximal arterlal pres-
sure increased by 12 mm Hg without any change in the minimum).

~
w
(6]

The stereotyped alternation of work and vrest 1s justifiably
called by A. D. Slonim (1962) the life stereotype, including in
this concept not only the appearance of muscular activity, but
also rest periods for eating, sleep, etc. E. I. Brandt and O. I.
Margolina (1954) show that disturbances of a given stereotype bring
about a lower amount of work performed and a lowering of muscular
activity. The cited authors established that a regimen of sleep
and wakefulness, deprived of the rhythmic occurence of work and
rest periods but preserving normal relationships of work and rest
time, does not cause too great a disturbance in the normal diurnal
rhythm or changes in body temperature connected with the appearance
of a new response to the circumstances namely, the ability to sleep
at any time of the day independent of a preceding period of sleep
or wakefulness. Actograms® recorded during the time of sleep show
the uniformity of its depth iIn the day and night hours. With a
full disturbance of the rhythm of work and rest (with a falling
out of rest in domestic circumstances) a disturbance in the daily
curve was observed among the subjects; there was a rise of body
temperature, pulse rate and arterial pressure during sleep time,
especially during the night hours, which indicated a serious dis-
turbance in the relationship of cortical and subcortical compensa-
tion. The daily stereotype basically reflecting the dynamics of /36
the distribution of the excitory and inhibitory processes may be
changed with the disturbance of the conditions of rest promoting
fatigue. With severe exhaustion, the dynamics of night sleep devi-
ate from the norm; the actogram indicates restless sleep, and a
rise in body temperature indicates functional disturbances in the
diencephalic regions and particularly in the reticular formation.

In the structuring of daily regimen of work _and rest the

#Ed. note: Also spelled aktogram--a record of bodily movements.
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given baseline conditions must be kept in mind: (a) beginning and
end of the work period; (b) the duration of sleep during the day;
(c) the arrangement of meals; (d) change in the level of the orga-
nism's capacity for work during the hours of the day, bearing in
mind that the astronauts will be on their own during the course of
the day. The starting point for the projection of the regimen of
work and rest for astronauts is the characteristics of the active
cycles of life activity (work, sleep, active rest).

Chronometric data in the changes in duration of work opera-
tions have great significance. By means of curves of the durations
of work operations and of microintervals between successive work
operations, it is possible to come to a preliminary opinion on the
ordering of a work and rest regimen. Rest periods must be taken
at times which are most suitable for the work, including therein
the processes of fulfilling personal relief.

Moreover it is necessary to consider the changes in a number
of physiological indices according to the time of day, changes in
the body temperature, in the sugar content of the blood, in hor-
mones eliminated in the urine, in ascorbic acid, etc.

In the regularization of nonworking times it is necessary to
keep in mind the individual interests of each participant so that
he might spend the time fulfilling his favorite occupations.

Switching to a new activity in free or work time may be viewed
as a different aspect of rest. It should not be continuation of
the work which has been done during the course of the day.

For the distribution of work loads during the course of the
day, it is necessary to consider the changes in the functional
mobility of neurological processes toward the end of the working
day.

According to the data of the Institute of Labor Hygiliene and
Occupational Illness ANSSSR (S. A. Kosilov, 1957), upon the comple-
tion of uniform monotonous work, the functional mobility at the
end of the working day diminishes in proportion to the monotony
of the completed work, which appears as an increase in the duration

of work coperation. This shows that a change in the functional
mobility takes place chiefly in that analysor which assumes a basic
part of the work. For example, in assembly line work, changes in

functional mobility are observed in the motor analysor; changes are
observed in the visual analysor in proofreading work.

In the experimental work of V. B. Liberman and T. A. Trubitsyna
(1954), it was established that the difficulty of work for a per-
son is dictated by the combination of signals, verbal stimuli in-
cluded, from the internal and external milieu associated with the
amount of the work performed. Moreover, the formation of the
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work stereotype does not simultaneously embrace all physiological
functions.

In the construction of a regimen of work and rest, attention
must be paid to the problem of compensating for sensory deprivation
during extended space flights and the organization of psychic stimu-
1i (interest in the work). It is necessary to vary the work of cer-
tain work operations by avoiding automation as far as possible.

The activation of intellectual processes appears to be effect-
ive compensation for sensory deprivation, that is, the ability of
astronauts to organize their thoughts and ideas. Moreover, it is
impossible to forget the opinion of Ewrard (1959) who, in the work
"Conditions of a Person's Stay in an Interplanetary Ship", empha-
sized that usually a person's mechanisms of adaptation to conditions
of isolation and sojourn in a confined space are viewed from a
purely psychological point of view. In actuality, however, they
are more complicated, and hinge on a neurological and endocrine
substratum. Extended or repeated stress can lead to the depletion
of the adaptive possibilities of several physiological systems.

Henry (1958) indicates the importance of motivation and of
moral qualities as factors providing the best indices of activity.
The personality of an astronaut influences motivation, individual
response, and his relationship with other members of the crew.

Jmus (1961) also noted the importance of motivation and achievement
orientedness.

Experiments on isolation have shown that the visual apparatus
must be engaged in constant activity (changes of illumination and
chromatic scale), otherwise it looses the ability to perceive a
stable image. Attention is also turned toward insuring a sufficient
level of attention (vigilance) under conditions of isolation. In
working with apparatus, especially with an oscillograph instrument,
visual fatigue occurs after a short time (30 minutes). The adminis-
tration of pharmacological substances (benzedrine) is proposed for
the prophylaxis of fatigue and the elevation of vigilance.

Edward and Eddowes (1961) came to the conclusion that the con-
struction of the space cabin in accord with the physioclogical de-
mands of a man reduces the influence of isolation. Gerathewohl
(1959) considers that an extended stay in an isolated cabin leads
to disorders in the physiological functions of the organism, bring-
ing on a sharp lowering of appetite, insomnia, abundant perspira-
tion, irritability and loss of weight. The reproducibility of in-
tellectual work (the addition and subtraction of single digit num-
bers) worsens, although not quantitatively but qualitatively.
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The monotony of work and surroundings which characterizes
the conditions of occupation of a space ship during an extended
flight brings on diffuse inhibitions in the cerebral cortex as a
result of monotonous, weak stimuli.

It was common for foreign authors, until recently, not to con-
sider the question of a possible compensation for insufficient
exteroceptive stimuli by proprioceptive ones; in particular, physi-
cal exercises with the aim of maintaining the tonus of the cerebral
cortex at a proper level.l ©Nevertheless, the necessity of the in-
clusion of a strict motor regimen in the order of the astronaut's
day was repeatedly emphasized by the native Russian investigators
A. V. Korobkov (1962), T. T. Dzhamgarov (1960), et al.

This question has a definite significance in the plan of the /39
theory of the inter-relationship analysors, worked out by Soviet T
scientists A. V. Lebedinskiy (1963), Yu. G. Grigor'yev, M. D.
Yemel'yanov (1962), et al., on the make-up of the crew, on the
tasks assigned to each member of the crew and on the nature and
length of the space flight.

T0nly on the Gemini XI flight were physical exercises included in
the order of life for the astronauts, three times a day for 10
minutes.
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SENSORY DEPRIVATION IN SPACE FLIGHT
F.P. Kosmolinskiy and Z.D. Shchcirbina

ABSTRACT: The consequences of a lack of exter-
nal stimuli and motor activity during prolonged
space flights are discussed. Experiments show
that isolation and sensory deprivation create
complex physiological and psychological reac-
tions in the human organism. Measures must be
developed to prevent these disorders, which

can involve several of the astronaut's physio-
logical systems and .lead to a decrease in his
capacity for work and other psychological mani-
festations.

Extended space flights have brought to light several new /39
biomedical problems connected with the activities of astronauts T
under new and unusual conditions of existence. One of these prob-
lems is theé study of the capacity for work ina confined space; iﬂg

As a result of a lack of contact with the external world
(closed space) and of little motor activity (space limited in
volume), the sensory surroundings in space flight become a series
of simple, monotonous and constantly repetitious stimuli.

A significant quantity of investigations have been dedi-
cated to the study of the consequences of the influence of sen-
sory limitations. Especially important are investigations dedi-
cated to the study of the influence of the limitations of external
sensory information on an organism under the conditions of isola-
tion.

The influence of Isolation has been studied from very diver-
gent points of view: in a social and demographic level (pPrison
isolation and life of hermits); in jtg psychological aspects in
the formation of small collectives of residents and workers in
autonomous colonies (in prolonged trips on small vessels and on
submarines in Polar expeditions). Casuistic instances of isola-
tion have also been studied (shipwreck victims and speleologists in
mining disasters); investigations for c¢linical purposes (study
of the conduct of the psychologically il11); and finally ©n the
experimental level, with +the clarification of several theoretical
questions of physiology and psychology, for example, the clari-
fication of the mechanism of snalysor inter-relationships,
etc.

It is necessary to note that the question of sensory depriva-
tion was already established in our country in the Twenties. The
first person to pose the problem of the study of the influence
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of sensory starvation on the organism was I. P. Pavlov. In 1923,
he published an analysis of the condition of a patient with dis-
eased visual and auditory analysors, from which the conclusion was
drawn that a definite flow of stimuli was necessary for the normal
activity of the cerebral cortex. The weakening or the elimination
of afferent impulses leads to the appearance of deep, so-called
passive inhibitions. These fundamental conclusions lay the basis
of the work of V. S. Galkin (1932), who showed experimental depri-
vation of vision, hearing and smell in a dog lead to the appearance
and propagation of diffuse somniferous inhibition (passive sleep).

~
=
'_.l
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The systematic study of the influence of sensory insufficiency
by special physiologists began abroad during the Fifties. In ex-
periments, various conditions of isolation and sensory limitations
were created by the most severe means (plaster casts, exclusion of
analysors, etc.), or by relatively simple ones (staying in an
anechoic chamber). Abroad, crueler forms of isolation were imposed
as distinguished from those used by Soviet investigators, who were
trying to simulate the circumstances of isolation conforming to the
space flight practice. The concept formulated by Miller (1958) can
be considered as a methodological precondition of work connected
with the problem of sensory insufficlency; he concludes that in the
lives of living creatures, specific informational processes must
be differentiated, in contrast to the processes and phenomena
having a thermodynamic nature. At the basis of this concept lies
the initial standpoint of viewing the variety of processes and
phenomena in organic life as information, the character of which is
defined by the level of complexity of the organisms or living sys-
tems. Miller (1953-1958) attempted to unite the theory of infor-
mation with the theory of G. Sel'e on the adaptation syndrome
(stress) and the theory of "nervism". According to Miller, there
is a definite connection between an organism and the environment
through stimuli eliciting definite responses, which he defines as
the concept of stress. Information enters an organism, and the
organism responds to it in the form of outgoing information (re-
sponses).

In the opinion of Plaherty (1961), in space flight it is dif-
ficult to separate a particular stress on the changes brought about
by it in the organism, and therefore a fully valid definition of
the stresses and changes in the activity of an organism is possible
through the unified efforts of various specialists. Werdwer (1961),
however, did not attribute any great significance to stress under
the work conditions of an astronaut, since he supposes that an
astronaut by force of will can suppress a situation of physiologi-
cal tension. Werdwer modified the concept of stress and defined
it as a condition arising in the human organism engaged in the com-
pPletion of tasks which hinder him in coping with his work.
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The term sensory deprivation (further, we will signify this /42
term by the abbreviation.SD) will be taken to signify sensory
understressing or sensory subprovision.

Isolation and Sensory Deprivation

A pioneer of experimental investigations in areas of the study
of isolation and SD abroad was the great Canadian doctor, physiolo-
gist and psychologist, Hebb. In 1934, he had already carried out
the first experiments placing subjects in SD boxes or soundproof
chambers. Multitudinous experiments on animals, rats, rabbits and
monkeys with the goal of studying the influence of SD on behavior
and higher nervous activity were carried out by Lilly (1956), Bex-
ton, Heron and Scott (1954), Heron (1957), Miller (1958) and others.
These investigations showed that with SD, a condition of apathy,
of motor activity inibition and of a general lowering of the tonus
of cortical functions developed.

Analogous data were noted in observations by others. Thus a
study of the psychological status of healthy persons exposed to SD
were carried out by Petric, Collins and Soleman (1958), Petric and
Ormasten (1958), Ruff, Levy and Thaler (1959), and others. Having
noted a general lowering of psychological activity, the capacity for
work and a lowering of emotional stability, they observed the
appearance of a nervous condition, sometimes a feeling of hostility
toward the experimenter and finally the disorganization of thought
and of internal speech.

At the same time, experiments to study the influence of SD on
the condition of people suffering from psychological and nervous
ailments were carried out by Lilly (1956, 1960), Cameron (1963),
Svab and Gross (1965), and others. Thus, if patients (schizophrenia,
strong and severe psychosis) are placed in a dark room, even with
incomplete sound isolation many of them will experience hallucina-
tions, as well as excitement and other symptons of their basic
illness, according to Cameron (1963). Hence the conclusion is
drawn that reducing the flow of external afference, particularly
by depriving a person of visual perceptions, among people with a
weak nervous system, appears to be a unique model for the study of
the influence of SD and the function of the central nervous system.

From the mid-Fifties, SD experiments attracted increasingly /43
greater attention in sclentific investigation centers of the Army,
Air Force and Navy of the United States and Canada. Situations
into which individual persons and groups of people might fall in
times of war and peace by their own action on the nervous system
are very similar to the action of SD (submarine travel, persons
spending the winters in polar regions, temporary stays in uninhabited
desert locations).

The results of these investigations were made public at sym-
posiums in Boston, 1958, and at Harvard Medical School, 1959.
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General Characteristics of Experiments

A great deal of experimental research carried out with the aim
of studying the physiological influence of SD may be classified
according to the degree of isolation and sensory information using
the following methods:

(a) relative and more strict isolation (for the swift receipt
of effect);

(b) limited communication with the external world in a room and
in a small cabin (limited space);

(e¢) individual and group isolation, also having the potential
for individual isolation within the group;

(d) relative restriction of movement (limitation in the size
of the chamber) and strict restriction of movement ( fixation
with straps, casts, etc.).

Under the conditions of actual space flights, evidently a com-
bination of the various types of isolation and limitation of sensory
extra- and interoceptive stimuli will take place. Moreover, keeping
in mind the small load on the motor analysor under conditions of
weightlessness, it is possible to suppose that during a long period
a cabin of a spaceship.all the phenomena of sensory insufficiency
will receive an even more pronounced expression.

Jaxon and Helly (1962), having analyzed several experimental
works in this study of the influence of SD on the organism, as-
sume that it is necessary to consider the following properties of
given experiments: the nature and strength of stimuli, the value
of the stimulus for the subject; the degree of the limitations of
movement and the characteristics of social isolation.

Numerous methodological procedures have been used by various
investigators for the diminution of the flow of afferent impulses,
so it is possible to note the following:

(a) absolute diminution of sensory stimuli (Lilly, 1956; Heron, [y
19573 Henry, 1958, 1961; Edwin et al., 1959; Ruff, 1959; Ewrard,
1958; Ruff et al., 1961; Jonekcheere et al.., 1959 and others);

(b) diminution of informational stimuli (Miller, 1953);

(¢) increase in the monotony of sensory surroundings without
removal of stimuli (laboratory psychological investigations at
Harvard Medical School, 1959; Burns, 1963).

The experimental conditions were extremely varied. Di-~
verse methods were used for volume limitation of the chambers and
for the creation of the isoclation conditions (dark room with an-
echoic walls; a soundproof room; a room with partial sound insulation
or with normal sound properties; an SD box covered with plastic
foamy etc.), and various means of sensory information limitations
(special glasses taped over the eyes, earphones creating "white noise';
cardboard handcuffs; special gloves reducing tactile sensations in
the hands and feet; water baths heated to body temperature; etc.).
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Experiments varied in length and in strength (severity) of condi-
tions. In all circumstances a homogeneous contingent of subjects
was chosen for the investigations; 1t was separated into an experi-
mental and a control group.

Results of the experiments were judged on the basis of analy-
sis of the objective physiological indices, Jjournal notations
during and after the experiments, conversations with a psychologist
and a psychiatrist (in particular, attention was given to the pres-
ence of visual and auditory hallucinations) and qualitative per-
formance of various psychological tests. The general condition and
conduct of the subjects were alsc noted.

The Influence of SD on the Human Organism

In analyzing the results of experimental material, it is pos-
sible to segregate all the changes which take place in the human
organism under the influence of sensory information limitation
into three basic groups:

(a) change in the function of the cerebral cortex;
(b) change in the emotional sphere; and
(c) autonomic changes.

According to the opinion of Heron, Bexton and Hebb (1956), the
maintenance of normal mentally controlled activity demands a con- /45
stant input of sensory information. Extended isolation leads to -
serious changes in the psychic sphere of a person, manifested as
an impairmant of his intellectual capacity for work. As a result
of extended strict isolation, Ewrard (1959), Johekcheere, Henrotte
et al. (1959), Denenberg, Morton (1962), and others noted among
subjects the development of pessimism, of an anxious condition and
of melancholy, of a lowering in the emotional tonus and intellec-
tual capabilities. Graybiel and Clark (1961) alsc noted the same
phenomena in their experimental investigations studying the condi-
tions of aircraft piloting, and they observed that approximately
36% of the pilots on high-altitude flights in single-seat airplanes
experienced a feeling of alienation from the Earth.

On high-altitude flights in balloons, as described by Simons
(1958, 1959, 1962), a feeling of alienation from Earth was experi-
enced and manifested as auditory and visual hallucinations.

According to the data of Henry (1961), Lilly (1963), and others,
at the time of SD experiments inadequate behavior and psychic dis-
orders were noted among subjects; various hallucinations were report-
ed, either of a fantastic nature or corresponding to some real
image. He concluded that there was the possibility of the appear-
ance of psychopathological symptoms in healthy people under the
conditions of space flights.
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The experiments of Heron and Bexton (1956) carried out on
students isolated in special boxes may be used as a characteristic
example in the study of the physiological influence of SD. The
subjects were located on comfortable couches in a reclining posi-
tion. The possibility of visual, auditory and tactile perception
was excluded artificially: glasses with light-absorbing filters
were placed over the eyes, audiophones on the ears, and special
cardboard cases on the arms. The taking of food and physiological
functions were accomplished upon demand.

The response of such subjects was characterized by the appear-
ance of a feeling of hunger for external impressions, which led to
motor unrest (several of them, For example, beat their arms on the
walls of the box). The subjects were bothered by lack of a distinct
idea whether they should sleep or remain awake. The majority of

them refused to continue the experiment after 24-72 hours. Visual /46

hallucinations appeared in those subjects who remained in the box
for more than 2 days.

Hallucinations appeared in situations of especially severe
limitation of sensory information. Ruff (1961), Henry (1958, 1961)
and others noted this phenomena.

Chunningham (1960) indicates that at first a person responds
critically to hallucinations under conditions of isolation; after-
wards the critical relationship disappears, and they prevail.
According to the opinion of Ruff (1961), hallucinations elicited
by severe conditions of isolation may lead to a complete personality
breakdown.

An important test for the selection of astronauts is experi-
mental work done in a soundproof chamber. With many subjects, ex-
tended isolation elicits the appearance of hallucinations.

The more realistic the hallucinations are in content, the more
danger they present for the piloting of a spaceship (Bohem, 1962).

In subjects placed in a soundproof chamber, Heron (1957)
describes the presence of confusion of thoughts, false sensations
and even hallucinations, as well as physical and psychological
fatigue and boredom leading to a lowering of motivation.

Sanford, Silverman, Schmavonian (1962) and Van Wulften-Palthe
(1961) have referred to similar instances of a lowering of the gen-
eral physiological and psychological tonus and a lowering of motiva-
tion.

A number of investigators speak of the condition of tension
arising under conditions of isolation, which some of them considered
to be characteristic for the entire exposure to these conditions.
Several researchers (Hanna 1962, Heron 1957, Sanford et al.l1l962;F.D.

37



Gorbov, V. I. Myasnikov and V. I. Yazdovskiy, 1963) defined the
given state as analogous to that which exists prior to launch. Un-
der conditions of isoclation, according to the opinion of F. D.
Gorbov, V. 1. Myasnikov and V. I. Yazdovskiy, a state of fatigue de-
velops. Graybiel and Clark (1961), M. B. Umarov (1962) and Sanford
et al. (1962) also speak of the development of fatigue.

We find a similar case in the description of experiments with
strict isolation performed by the French investigators Jonekcheere,
Ewrard and Henrotte (1959). The subjects were given instructions
to regulate the content of the atmosphere. In proportion to the
extent of the experiment, the appearance of signs of fatigue and /u7
an anxlious condition were observed with the change in the content -
of the air (subjectively it seemed to the subjects that the percent-
age of carbon dioxide increased, although objectively it remained
normal).

Many investigators noted significant changes in the emotional
sphere of subjects in SD experiments: the appearance of varying
degrees of apathy, melancholy, anxlety and fear (Heron, 1957; San-
ford et al., 1962, and others).

Sometimes, apathy and dulled consciousness of the subjects be-
come so profound that one of the most important instincts is de-
stroyed-~the instinct of self-preservation--and the person contem-
plates suicide (Chunningham, 1960).

The serious psychological disorders in subjects noted above,
which is discussed by the foreign authors, evidently are related to
the excessive burden of the severe experimental conditions on the
physiology of the subjects. Here it is not only a matter of the
action of isolation and sensory deprivation factors, but also a
number of supplementary factors complicating the circumstances of
the experiment (restraint with straps, plaster casts, uncomfortable
postures, occasional painful semnsations, etc.). There 1s also the
undoubted significance of the subject's lack of conscious motiva-
tion for behavior in similar experiments which do not appear to be
a true model of human life and work conditions. Relying upon ex-
periments with extremely strict isolation, not characteristic of
actual space flights, resulted in a situation where many subjects
actually found themselves on the border of psychic disorders.
Americal psychologists began to attribute excessive significance to
the isolation factor in space flights (Lilly 1960; Dunnenberg,
Morton 1962, and others). Their articles indicate that terror and
fear of alienation from the Earth will be a decisive factor on an
interplanetary flight.

Experiments were carried out in this plane by the American,
Lilly (1956), who placed subjects in a tank of warm water to simu-
late weightlessness; the subjects wore masks for isolation from
light and sound. Under such conditions, psychic activity became
quickly disoriented and visual hallucinations began.
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American scientists, having described numerous hallucinations /u8
during a long isolation of healthy people, evidently broadened the
concept of hallucination, including in it several forms of sensory
illusion and eidetic imaginings. As an example of inclusion of
eidetic imaginings, hallucination can serve to illustrate the state-
ment of one of the American subjects, who spoke in this way about
his feelings: "I saw a rattlesnake, but fortunately I understood
that it was unreal." However, the investigator Lilly (1956) still
regarded this situation as if it were a hallucination. Such sensory
illusions usually appeared only to those people who had no way of
occupying themselves during hours which were not regulated by a
program and did not appear at all when they were performing tasks.

Experiments on the limitation of stimuli and conditions of
isoclation carried out by Soviet scientists showed that a healthy
Person with great will power can remain in a socundproof chamber for
an extended period of time without any psychic changes threatening
the condition of his health. The various specific sensory illusions
which appear are not of a morbid nature. This form of sensory
illusion (pseudopathological phenomena) pertains to illusions as-
sociated with incorrect perception of stimuli, the information
characteristic of which is insufficient (0. N. Kuznetsov and V. I.
Lebedev, 1965). The illusions themselves do not appear to be a
sign of psychic disease and often are encountered in healthy persons,
especially in those instances when something interferes with the
distinct perception of visual and auditory images; for example, poor
lighting. Baseline psychological status, fatigue, distraction,
states of expectation and fear are of great significance.

O. N. Kuznetsov and V. I. Lebedev (1965) in describing the pre-
sence of illusions involving recognition errors in subjects under
investigation in the soundproof chamber as a consequence of insuf-
ficient information, of a feeling of the extraneocus presence of
eidetic images, ideas of relationship and over evaluations, do not
consider these phenomena to be pathological, and propose calling
them pseudopsychopathological. According to the data of F. D.

Gorbov, V. I. Myasnikov et al. (1962), psychopathological phenomena
were absent in the experiments of Soviet astronauts in a soundproof /49
chamber.

Soviet scientists assume that the isolation factor must be
studied in conformity with conditions which can occur on space
flights. In this regard, the most important factor appears to be
that a person believe in the necessity of the work which he is to
accomplish, and that he have a clear conception of the objects of a
given experiment. Each experiment in the soundproof chamber is a
moral and volitional examination for future astronauts, which pre-
pares them for the performance of complex tasks.

In the work of American investigators, in particular Heron
(1957), it was noted that SD has a destructive influence on the
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capacity for work and on goal-orientedness, and often occasions
refusals to stay longer under conditions of isolation as a conse-
quence of the -development of boredom. Insofar as boredom was viewed
as a negative phenomenon, this psychic condition received the
designation "Enemy No. 1" in the papers of several foreign authors.

Henry (1958, 1961) and Hebb (1959) indicate the destructive
influence of boredom. These same authors note the development of
a condition of depression and apathy, and also the rise of intro-
version and emotional instability. It is alsc often noted that the
appearance of the feeling of euphoria occurs among the subjects,
evidencing a lowering of the control of part of the cerebral cortex
over subcortical functions.

The state of euphoria arises before the end of the experiment
or right after it, and is characterized by intense elation out of
proportion to situations, when the subjective evaluation does not
correspond to the objective worsening of functional conditions of
the organism (Van Wulften-Palthe, 1951; Sanford, Silverman, 1962;
et al.).

According to M. B. Umarov (1962), euphoria during the experi-
mental process disturbed sleep and hindered the restorative pro-
cesses of the nervous system. M. A. Gerd (1963) and N. Ye. Pan-
ferov (1964) noted the appearance of euphoria at the end of their
experiments, despite the fact that during the course of the experi-
ments a condition of apathy was predominant.

Gerathewohl (1959), Ewrard, Henrotte, Jonekcheere (1959), N.A. /5(C
Agadzhanyan and A. G. Kuznetsov (1962) report a worsening of intel-
lectual capabilities during a long stay in the soundproof chamber.
Bexton, Heron and Scotte (1954) described instances when subjects
lost the ability to think systematically and productively; so-called
clean periods set in.

All these phenomena do not tell about the capacity for work.
Chunningham (1960) noted that it was chiefly the qualitative facet
of work activity that suffered, while psychological and physiologi-
cal changes were manifested to a lesser degree as the complexity of
the assigned experimental tasks increased, because of increased
interest in the performance thereof. Ewrard (1958) and Ewrard,
Henrotte and Jonekcheere (1959) discovered an elevation of vagal
tonus because of the development of fatigue as a consequence of the
disturbance of sleep and the presence of discomfort.

In all these experiments with severe SD, significant autonomic
reactions were noticed: frequency of pulse, a sharp rise in the
adrenalin in the bloocd, perspiration, worsening of appetite, etc.

Many authors also noted a distortion of the sense of time and

other illusory perceptions related to the loss of adequate reac-
tions during severe isolation in soundproof chamber experiments
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(Henry and Ruff, 1961; Chunningham, 19603 B. A. Dushkov and F. B.
Kosmolinskiy, 1966).

Despite the established opinion that time "stretches out end-
lessly" in the absence of a flow of new impressions, a number of in-
vestigators have noticed the reverse phenomenom. In this regard the
experiment of the French speleologist Michel Sifre (1962) is inter-
esting: he lowered himself underground to a depth of 130 m in the
Scarson Ice Cave and spent more than 1500 hours--62 days--there with
the aim of studying influence of extended isolation and absence of
communication with the external world on the sense of time. Inas-
much as the observation of changes in day and night were impossible
under these conditions, orientation in time was disturbed very
quickly. For Sifree "the bond of time fell apart". After 40 days,
it seemed to him that only 25 days had passed. After the experi-
ment finished, he announced that he had not suspected that the
end was so near. The same thing was noted by the speleologists
Jose Lores (1965), who spent 3 months in the Bigneron cave, and
Antoine Senni (1965), who spent 125 days in the Olivier cave. Thus,
when on April 2 Senni was informed that the end of the experiment /51
was approaching he was quite astonished, because by his count it
was only the 6th of February.

The Psychophysiological Mechanism of Changes During SD

A number of authors maintained the standpoint that the basis
of the mechanism of psychological changes under the action of SD
appears to be the rise of inhibitory processes in the cerebral cor-
tex, depending on the sensory understress of the cortex itself as
well as on the lowering of the flow of afferent impulses coming into
the cortex from the subcortex and from the reticular formation of
the brain stem (Henry, 1958; Hebb, 1958; Heron, 1957; Miller, 1958).

I. P. Pavlov considered that the weakening or exclusion of af-
ferent impulses leads to the appearance of passive inhibition.
Analyzing the data from the investigation of V. S. Galkin (1932)
on the exclusion of the functions of several analysors in dogs, I. P.
Pavlov indicated that under these conditions a lowering of the tonus,
a weakening of the excitatory process, a mitigating appearance and
broadening of inhibition in the cerebral cortex occur. Experimental
study of the visual analysor under conditions of lowered illumina-
tion made possible the assumption, expressed by A. V. Lebedinskiy
(1958), that under conditions of a lower tonus state in the cortex.,
the development of the inhibitory process during a stay in darkness

will be especially sharply expressed. In experiments on animals,
A. V. Lebedinskiy noted the destruction of the balance between
motor and autonomic components during exposure to darkness. He sees

the reason for autonomic response amplification in the appearance
and irradiation of the inhibitory process in the cerebral cortex.
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Henry (1958, 1961) explained the appearance of psychopatholog-
ical symptoms in isolation as the destruction of the balance between
internal information and information from the sense organs, register-
ing everything taking place during sleep. Higher nerve integration
is destroyed. Internzl information becomes predominant, as a re-
sult of which hallucinations arise with nervous dreams and other
phenomena.

~
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It is possible that for sensory isolation, the development of
passive inhibition against a background of lowered excitability of
the nerve cell i1s characteristic, for according to the data of a
number of authors, sensitivity thresholds appeared to be ralised
when electrophysiclogical methods are used (Heron, 1958).

Many foreign investigators assume that sensory adaptation
exists with the aid of reticular formation (Miller, 1960; Megun,
1962). Under conditions of sensory isolation, when the reticular
system lacks a sensory flow, it falls into an unusual situation and
adapts to it as far as the accumulated reservoir of information in
the subcortex will allow (the subject voices numerous complaints
about an unusual flow of impressions of the past with which he can-
not cope). The weakening of the usual background of stimuli and
also the removal of unusually strong or unusually weak stimuli
from sensory surroundings not only develop the inhibitor process in
the central nervous system, but also give rise to a group of reac-
tions, especially cortical ones, of an excitory character which act
as if to compensate for the lack of stimuli. In addition, there is
the possibility of viewing SD as a peculiar type of stimulus insofar
as the experiments have shown that reactions to SD are completely
comparable to reactions to separate specific stimuli and to sensory
overstresses (Hahna, 1962).

The feeling of allenation, fear, and the appearance of illusions
as to the position of the body in space Hebb (1958) assoclates with
the excitation of the lower and medial surfaces of the temporal lobe
of the brain. Hahna (1962) considers that not only the temporal
lobe takes part in this, but also the visceral part of the brain
and the hypothalamus. This same investigator proposes the theory
concerning overexcitation of the parasympathetic nervous system up
to the point of heart arrest and diastole during fear.

Consequently, isolation and SD bring on complex physiological
reactions in the human organism which must be viewed from all sides
insofar as possible. In this light Ewrard (1958) justifiably wrote,
in his report "Conditions For Persons in an Interplanetary Ship",
that "usually the mechanisms of a person's adaptation to conditions /53
of isolation and of a stay in limited space were viewed from a pure-
ly psychological point of view. In actuality they appear to be more
complex and rest upon neurological and endocrine substrata." Strong
or repeated strain may lead to the extinction of adaptation and
to a failure of several physiological systems.
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During SD a system of protective reactions acts on various
levels (the total organism, the nervous system, the organs, the
cells); these are viewed as a struggle of living organisms for in-
formation (Miller, 1958). Several experiments in the adaptation of
an organism to SD attest to the fact that this factor is biologically
significant in animal life. Evidently, the higher the organism
stands on the evolutionary scale, the more difficult it is for it
to adapt to SD. According to the opinion of Miller, the more com-
Plex the "living system", the more information 1t demands for its
"nutrition".

Thus, sensory isolation as a result of the lack of contact
with people and the external world and of little motor activity
elicits fatigue, strain and a condition of diffuse inhibition which
leads to physiological and autonomic changes in the organism; this
in turn leads to a lowering of the capacity for work, a loss of
awareness, etc.--in other words, to the lowering of the possibility
for the reception of information by that very organism.

Hence, the understandable Iimportance of finding a solution to
the problem of sensory insufficiency, for combatting the conse-
quences of the influence of SD is a battle to increase the work
capacity and the work reliability of the whole system.

Prophylaxis of the Influence of SD
Upon the Human Organism

One of the decisive factors in this regard appears to be the
organization of internal stimuli: interest in the work process,
variety in the form of work, sufficient degree of work, definite
level of complexity of tasks and perhaps refusal to completely
automate several processes (Henry, 1961; Thomas, John, 1960; Yu. K.
Dem'yanenko, 1962).

Ruff (1959) proposes working out the automatism of reactions, /54
but with interesting tasks. The intellect itself is, in his opin-
ion, an effective compensation for sensory insufficiency. The
intellectual fund of the subject (his mind) can organize his own
thoughts and ideas. ©Even Heron (1957) indicates the importance of
this factor.

The same type of concept is found in the work of Chunningham
(1960), who considers that the only salvation from the development
of personality dissolution under the conditions of isolation is the
possibility of being occuplied with some kind of activity, on the
condition that it is interesting and goal-oriented. Chunningham
recalls the case of Dr. Bohn's 7-year isolation in a deep cave.
His psychological balance was maintained owing to correctly organized
and goal-oriented activity.
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Ruff (1961) and Chunningham (1960) also note that the intel-
lectuality and occupation of persons in any kind of activity char-
acterized by personal interest and goal-orientedness impedes the
appearance of hallucination. Experimental data attested to the fact
that willful, goal-oriented people are able, under the conditions
of isolation, to preserve and even to elevate the indices of in-
tellectual work capacity for a sufficiently extensive length of time
(Heron, 19573 Graybiel and Clark, 1961; Ruff, 1959; Henry, 1958; and
others).

In special literature, the role of motivation and the processes
of will in human activity is broadly illuminated. In their papers,
Ewrard and Eddowes (1957), Henry (1958) and others indicate the
importance of motivation and of moral qualities as factors providing
the best indices of activity. Psychic tone and motivation influence
the reaction of an individual and his inter-relationship with other
members of the isolated group or crew. Henry considers ineffective-
ness and carelessness of actions to be the chief consequences of
boredom. In order that the readiness of astronauts for immediate
actions in critical situations be maintained at a high level, it
is necessary to vary their work during the course of a prolonged
period of flight (Chunningham 1960, M. B. Umarov 1962, et al.).

We find an example of good isolation tolerance in the work of
Henry (1961) in connection with an analysis of the influence of
motivation, and also the organization of interesting and varied
activity in the personnel make-up of the submarine Nautilus during
an extended, autonomous Jjourney.

The experiments of Hebb (1958) on isolation showed that the
visual analysor must be iIn continual activity (a change in lighting
and chromatic scale); otherwise it loses the ability to apprehend
a stable form. Evidently, this can have significance for the condi-
tions of space flight in working with instruments at the control
panel, when extended stress of concentration or attention occurs
against a background of general sensory limitation and of circum-
stantial monotony, which can lead to definite errors in the func-
tions of the analysor, an overstressing of the visual with an under-
stressing of the auditory, the muscular, etc. Markworth (1962) also
emphasizes the division of normal work of the visual organ and of
a sufficient level of interest (awareness). In working with ap-
paratus, especially with an oscillograph indicator, in his opinion
visual fatigue begins after a short period of time (30 minutes).

For prophalaxis of fatigue and for elevation of vigilance, he pro-
posed using some pharmacological means (benzedrine).

Sanford et al. (1962), for the creation of a favorable emotion-
al background and functional abilities of the central nervous
system, also recommends several pharmacological means of stimula-
tion such as benzedrine or amphetamine.
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The emotional overtones of the activity of the astronauts have
great importance. As is well known, the suppression of emotional
tonus leads to a lowering of the work capacity (Corkindale, 1961;
Hahna, 1962; M. B. Umarov, 1962). The elevation of the emotional
tonus and of the capacity for work consequently is achieved by
means of physical exercises (Ruff, 1961l; T. T. Dzhamgarov, 1962;

M. B. Umarov, 1962; A. B. Korobkov, 19643 V. L. Marishchuk, 1966).
Ruff (1961) considers that bombardment by means of proprioceptive
impulses and physical exercise supports the tonus of the cerebral
cortex at the proper degree, considering this phenomena as a factor
compensating for insufficient afferent stimuli.

Ewrard and Eddowes (1961), relying upon data received from
Beeton and Gerathewohl (1959) in a study of the action of isolation,
came to the conclusion that the construction of a space cabin
corresponding to the physiological demands of a person and to his
individual needs can decrease the influence of isolation.

In order to deal with the disturbance of psychological func-
tions as a result of a reduction of the informational level of the
cerebral cortex, an astronaut must have a concept of these functions
to understand the reason and the cause of their production. Hence
the necessity of preparatory instruction, which Henry (1961) support

Upon solving the problems of future prolonged flights, a
question as serious as the composition of crews of multipassenger

space vehicles arises on logical grounds. The important problem of
human psychology under the conditions of extended existence in a
small group comes up. Experiments simulating space flights have

shown that location in a limited space entails in itself a heighten-
ed excitability, which in particular circumstances 1is translated
into hostility. The presence of two or more astronauts in a cabin
may negatively reflect upon work capacity, which evidently will be in
directly propertion to interdependency (Gross and Svab, 1965).

From this stems the necessity for a careful study of the ques-
tion "of psychological compatability"™ under conditions of occupation
in a limited space of small volume? Abroad (mainly in the USA) much
attention has been given to this question with the goal of working
out the demands for the characteroclogical peculiarities of individua
members of the crew, so that its composition will involve the lowest
potential possible for serious conflicts. In the report of F. D.
Gorbov and F. P. Kosmolinskiy the problems of the importance of
psychological compatability are discussed.

In conglusion, it must be noted that the problem of the influ-
ence of isolation and SD on the human organism is very serious.
During prolonged space flights, in one way or another, the negative
sides of a person or a group of people in an enclosed space of
small volume can appear. This is why it is necessary to have
further study devoted to the investigation of the design of a whole
system of measures and methods which will block the development of
undesirable physiological changes.

us

/56

S.

1

/57



References

Agadzhanyan, N.A. and A.G. Kuznetsov: Nauchnaya sessiya, posya-
shchennaya 5-y godovshchine pervogo iskusstvennogo sputnika Zemli.
Tezisy dokladov (Scientific Session, Dedicated to the Fifth Anni-
versary of the First Artificial Satellite of the Earth). Moscow
ANSSSR, otdeleniye biologicheskikh nauk, pp. 25-27, 1962.

Galkin, V.S.: Arkh. biol. nauk., Vol. 32, No. 2, 1932.

Gerd, M.A.: In the Book: Aviatsoionnaya i kosmicheskaya meditsina
(Aviation and Space Medicine). Materialy Konferentsii 1963 g.
Moscow, 1963, pp. 129-131.

Gorbov, F.D. and F.P, Kosmolinskiy: In the Book: Materialy konfer-
entsil po kosmicheskay biologii i meditsine (Materials of the Con-
ference on Space Biology and Medicine). Moscow, 1966, pp. 120-125.

Gorbov, F.D., V.I. Myasnikov and V.I. Yazdovskiy: Zhurn. vyssh.
nervn. deyat., Vol. 13, No. 4, pp. 585-592, 1963.

Dem'yanenko, Yu. K,: Trudy voyennogo fakul'teta Leningradskogo
instituta fizkul'tury i sporta (Works of the Military Faculty
of the Leningrad Institute of Physical Culture and Sports).
Leningrad, Vol. 30, pp. 144-150, 1962.

Dushkov, B.A. and F.P. Kosmolinskiy: In the Collection: Materialy
simpoziuma "Psikhologicheskiye problemy cheloveka v kosmose" na
18th Mezhdunarodnom psikhologicheskom kongresse (Materials of
the Symposium "Psychological Problems of Man in Space” at the
18th International Psychological Congress). Moscow, 1966,

pp. 74-81.

Korobkov, A.V.: In the Book: "Aviatsionnaya i kosmicheskaya
meditsina" (Aviation and Space Medicine). Moscow, 1963, pp.
287-290.

Korobkov, A.V.: In the Book: Problemy kosmicheskoy biologii (Prob-
lems of Space Biology). Moscow, Vol. 2, 1962, pp. 68-73.

Kuznetsov, O0.N. and V.I. Lebedev: Aviatsiya 1 kosmonavtika, 1964,
Ekstrennyy vypusk (Aviation and Astronautics, 1964, Supplementary
Issue). Zhurn. nevropatol. i1 psikhiat., Vol. 65, No. 3, pp.
59-64, 1965.

Lebedinskiy, A.V.: Problemy fiziclogicheskoy optiki (Problems of
Physiological Optics). Vol. 12, 1958, pp. 5-12.

Lebedinskiy. A.V., S.V. Levinskiy and Yu. G. Nefedov: Obshchiye
zakonnomernosti reaktsiy organizma cheloveka na kompleksnoye
vozdeystvye faktorov sredy, kharakternykh dlya kabiny kosmiches-
kikh letatel'nykh apparatov. Tekst dohladov na 15 Mezkunarodnom
astronomicheskom kongresse [7-12 sentyabrya 1964 g.] (General
Laws of Response of the Human Organism to the Complex Action of
Environmental Factors, Characteristic of the Cabin of Space Flight
Apparatus. Text of Documents of the 15th International Astronautics
Conference [September 7-12, 1964]). Moscow, 1964,

Marishchuk, V.L.: In the Collection: Rekomendatsii po fizicheskoy
podgotovke i sportu (Recommendations for Physical Preparation and
Sports). Izd. Instituta Fizicheskoy kul'turyimeni P.F. Lesgafta.

Leningrad, 1966, pp. 69-82.

46



Myasnikov, V.I.: Kosmicheskiye isslidovamya, Vol. 2, No. 1, pp. 154-
161, 1964.

Paviov, I.P.: Dvadtsatiletniyopyt (The Twenty-Year Experiment). Izd.
5-e ANSSSR»> Leningrad, 1932, p. 356.

Panferova, N. Ye.: Figiologich. zhurn. SSSR., Vol. 50, No. 6,
pp. 741-749, 196uL.

Umarov, M.B.: Trudy Leningradskogo instituta fizicheskoy kul'truyi
sporta (Works of the Leningrad Institute of Physical Culture
and Sports). Leningrad, Vol. 30, pp. 135-144, 1962.

Bexton, W., W. Heron and T. Scott: Canad. J. Psychol., Vol. 8, /58
p. 70, 1954,
Burns, N.M.: Isolation and Sensory Deprivation. Unusual Environments

and Human Behaviour. London, 1963, pp. 167-192. Aerospace Med.,
Vol. 35, No. 9, p. 692, 1964.

Cameron, E.F. et al.: Sensory Deprivation. Psychophysiological
Aspects of Space Flight. New York, 1961.

Chunningham, G.: J. Brit. Interplanetary Society, Vol. 17, No. 9,
pp. 311-313, 1960.

Corkindale, G.: New Scientist, Vol. 10, No. 239, pp. 457-459, 1961.

Denenberg, VH.and J.R.C. Morton: J. Compar. and Phys. Psychology,

Vol. 55, No. 2, pp. 242-2u46, 1962.

Edward, P., Eddowes: Aerospace Med., Vol. 32, No. 6, pp. 541-5u4l4,
1961.

Edwin, 2.L., E. George, G.E. Ruff and V.H. Thaler: J.A.M.A., Vol. 169,
pp. 236-239, 1959.

Ewrard, E.: Conditions d'une présence humaine dans les engins extra-
atmospheriques (Conditions of Human Presence in Extra- tmospheric
Engines). Acta Belgica de Arte Medicinali et Pharmacentica Militari,
Vol. 4, No. 2, pp. IX-XXXI, 1958.

Ewrard, E., J.G. Henrotte =~ and P. Jonekcheere: La M&decine Aéronau-
tique, Vol. 14, No. 1, pp. 31-50, 1959.

Gerard, R.W.: Behavioral Science, Vol. 2, pp. 92-215, 1958.

Gerathewohl, S$.J.: Aerospace Med., Vol. 30, No. 10, pp. 722-735,

1959.
Graybiel A. and B. Clark: Aerospace Med., Vol. 32, No. 3, pp. 181-
196, 1961.

Hahna, T.D.: Aerospace Med., Vol. 33, No. 2, p. 175, 1962.
Hahna, T.: Aerospace Med., Vol. 5, No. 31, pp. 399-406, 1960.
Hebb, D.O.: Am. Psych., Vol 13, No. 3, pp. 109-113, 1958.

Heron, W Science, Vol. 196, No. 1, pp. 52-56, 1957.
Henry, J. J. Aviat. Med., Vol. 29, No. 3, pp. 171-179, 1858.
Henry, J Ref. Naval Res., pp. 20-24, Aug. 1961.

P
P.:
Jackson, C.W. and E.L. Helly: Science, Vol. 135, No. 3499, pp. 211-
212, 1962.
c Psychiat. Res. Rep., Vol. 5, pp. 1-9, 1956.
C
C

Lilly, G.
Lilily, J. Science, Vol. 139, No. 3550, pp. 116-118, Jan., 1963.
Lilly, G. Psychiatry Res. Report, Vol. 5, pp. 1-9, 1926.

Miller, J.A.: Am. Psych., Vol. 8, No. 8, pp. 3-81, 1953.

Miller, N.E.: Am. Psych., Vol. 13, No. 3, pp. 100-108, 1958.

Ormaston, D.W.: Am. Psych., Vol. 13, No. 7, p. 389, 1958,

Petriec, A., W. Collins and P, Solomon: Science, Vol. 128, No. 3336,
pp. 1431-1433, 1958.

u7



Psychophysiological Aspects of Space Flight, ed. B.E. Flaherty,
Columbia University Press, New York, 1961 (Syposium, May 26-27,
1960).

Ruff, G.E., E.Z. Levy and V.H. Thaler: Aerospace Med., Vol. 30.
No. 8, pp. 599-604, 1959, :

Sanford, C., A. Silverman and B.J. Shmavonian: Psychoson. Res.,
Vol. 6, No. 4, pp. 259-282, 1962,

Simons, D.: Aviation Med., Vol. 29, pp. 1-14, 1958,

Simons, D.: Astronautics, Vol. 4(2), pp. 32-33, 62-63, 1959.

Simons, D.: In the Book: Environmental Effects on Conciousness.
New York, 1962, p. 86.

Svab, L. and I. Gross: Sencorica depravace a jeje vy nam pro-
psichiatrickou problematiku (Sensory Deprivation and Its Signif-
icance for Psychiatric Problematics). Prague, 1965.

Van Wulften-Palthe: Aeromed. Acta, Vol. B, pp. 47-78, 1961, 1962,

L8



JR——

e

INFLUENCES ON THE HUMAN ORGANISM OF ALTERED AFFERENTATION
F. P. Kosmolinskiy

ABSTRACT: Among the factors acting on the
astronaut during prolonged space flights, vari-
ations between sensory understressing and
sensory overstressing have the greatest signif-
icance. An informational overlocad is shown to
affect the organism as detrimentally as the op-
posite phenomenon (sensory deprivation). Sever-
al solutions to the problem of overcoming these
difficulties are discussed, including total
organization and control of the interior arrange-
ment of the spaceship, ordering of a work and
rest regimen for the crew and preflight training.

The problem of man's adaptation to the conditions of an ex- /59
tended space flight includes the question of the interrelationships
of the organism's afferent systems and a changed and unaccustomed
environment.

Under the conditions of space flight, one can expect an alter-
nate effect of changed afferentation, of sensory understressing and
of sensory overstressing on the organism (sensory deprivation and
sensory bombardment, according to the terminology of Miller, 1958).

The change in the stimuli "spectrum" under the conditions of
space flight leads to a fluctuation of stress on the analysors of

the nervous system. The stress on the visual, auditory, muscle-
joint and other analysors 1s diminished, which permits one to speak
of sensory insufficiency or understressing (deprivation). In some

circumstances, under special or complex conditions of flight, the
stress on the analysor systems can be elevated, and then one speaks
of sensory overloads.

According to the opinion of Miller (1958), the adaptation of
an organism to changing life conditions includes not only thermo-
dynamic balance, but also balance between incoming and outgoing
information. Hence the conclusion that any essential disturbance
in the regimen of the receipt of information can lead to serious
functional disorders in the organism.

It is supposed that among the Ffactors influencing the organ-
ism on extended space flights, the greatest individual importance
will belong to the so-called "situation" factors, in particular
isolation, uniformity and monotony of stimuli, and especially
sensory insufficiency. Leaving aside the other "situation"
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factors, which have undoubted psychological significance for

space flights (feeling of separation from Earth, change in spatial
orientation, lack of feeling of support, etc.), we will give our
attention to sensory deprivation (sensory understressing), as well
as to a synthetic factor which has a large influence on changes in
the general functional condition of the organism and of the struc-
ture of the dynamic stereotype of higher nervous activity.

On extended space flights, a person can become exposed to
various forms of impoverishment of sensory stimuli depending upon
a number of reasons. The following can be indicated:

(1) Isoclation of an individual or of a group of persons
(social isolation); i.e., lack of contact with the external world
and other people, accompanied by sharp reductions of external
(exteroceptive) afferentation.

(2) Exposure to a confined space limited in volume dictates
little motor activity (hypokinesis or hypodynamia), and secondly,
a lessening of internal (introceptive) chiefly proprioceptive
afferentation.

(3) Weightlessness causing a change in the character of motor
reactions, as a result of sharp diminution of the flow of afferent

impulse intervals.

(4) A general lowering of the flow of external afferentation,
i.e., scarcity of visual, auditory and other stimuli, due to the
extended action upon the organism of a uniform and limited sphere
of stimuli (monotony of the situation).

Numerous theoretical and experimental works have been dedi-
cated to the problem of sensory insufficiency, in which the inves-
tigators concentrate on significant changes in physical activity
on the part of subjects observed iIn a restricted space of small
volume. Thus, under the conditions of standard isolation general
physiological tonus lowered, sleep was disturbed, the functions
of attention changed, the sensory-motor reactions worsened and a
condition of nervous tension and, sometimes, apathy arose, etc.
(Herron, Bexton, Hebb, 1953; Lilly, 19565 Hebb, 1958; Ruff, 1961;
Hahna, 1962; Sanford, Silverman and Shmavonian, 1962; F. D. Gorbov,
V. I. Myasnikov, and V. I. Yazdovskiy, 1963; V. I. Myasnikov, 1964,
and others).l

1 These questions were illuminated in detail in a survey article
by F. T. Kosmolinskiy and Z. D. Shcherbina in the pages of the
present collection.
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However, one can hardly expect that under the conditions of an
actual space flight, in the presence of carefully expressed moti-
vation and behavior of the astronauts (under the current system /61
for their selection and conditioning), such serious pathological
situations as psychic depression, hallucinations and even the loss
of personality could arise, as mentioned by several foreign inves-
tigators on the basis of their experimental data (Herron, 1957;

Hauty, 1960; Horowitz, 1984, and others).

Sensory understressing or "sensory starvation" can lead to a
lowering of the work capacity and functional work vigilance ("opera-
tive attention"). Already during the Fifties, under the conditions
of air flights, the appearance of diffuse somniferous inhibition
had been noticed among pilots engaged in the test operation of air-
planes (F. P. Kosmolinskiy, 1954). The apparent influence of
circumstantial monotony was present (monotony of stimuli and diminu-
tion in the flow of external afferentation). The introduction of
automation into aircraft piloting attracted the attention of speci-
alists to this question (V. A. Popov, A. M. Pokovskiy and E. I. ~
Ivan'kov).

In investigations in soundproof chambers of a stay prolonged
for 10-15 days, carried out by F. D. Gorbov, B. I. Myasnikov and
V. I. Yazdovskiy (1963), one noted the development amrng the subjects
of complex physical changes depending, in the opinion of the authors,
on the limitation of external afferentation. During the first days
of the experiments, strong elimination in the urine of 17-keto-
steroids was noted, evidencing the development of emotional strain
in the subject. During the following days, the authors noted a
depression of the adrenal glands' functions and the development of
appearances of fatigue. Uniformity of the surrounding environment,
poverty of external impressions and isolation were introduced into
the experiment as factors having a self-sufficing value as condi-
tions and causes of the development of strain and fatigue.

Simultaneously with studies on questions of the influence of
external afferentation insufficiency on the organism, numerous
investigations were carried out on the influence of internal af-
ferentation insufficiency, depending upon a change in gravitaticn
(weightlessness) and the limitation of mobility under the conditions
of a stay in restricted quarters (hypodynamia). Our astronauts
as well as American astronauts, during orbital flights of extended
duration, were in a reclining position, and the work operations /62
they performed did not demand great physical efforts and active
position shifts. These circumstances led to a lowering of the
astronauts' general functional tonus (I. M. Arzhenov, A. V. Beredov-
kin et al., 1966; I. M. Arzhenov, I. I. Aryanov, V. A. Baturenko,

D. V. Buyanov et al., 1966). However, under the conditions of an

actual space flight, the astronauts are IiInfluenced by a complex

of extreme stimuli. Therefore, there is a natural tendency for
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investigators to examine the isolated influence of the extended
immobility factor on the human organism. The works of Graveline
(1960), Yu. V. Vanyushina (1963), L. I. Kakurine et al. (1963),
Lubek and Wilgosh (1963) and others proceeded along this line.

L. I. Kakurin and V. 8. Katkovskiy et al. (1963) chose as an
experimental model a strict confinement to bed on a person who
remained in the horizontal position for 20 days. As the authors
noted, two factors of this experiment, hypokinesis and lowering of
the hydrostatic pressure of the blood, appeared to be the cause of
possible confusion in the function of the motor apparatus and in
the circulatory and respiratory systems.

Analyzing the numerous literary sources dealing with the prob-
lem of informational bioclogical stresses, we come to the conclusion
that in addition to the sufficiently basic solution to questions
of the influence of sensory deprivation, the questions of sensory
overload under conditions of space flight simulation remain less
well illuminated. Moreover, in certain stages of flight, the
astronauts doubtless will encounter these phenomena, for example
while performing radio communications with Earth and repair work,
special scientific investigations, the docking of space ships, and
also during various complex and emergency situations. For example,
the investigations of I. N. Kanyshev (1963) show how there can be
large stresses on only the visual analysor in work at the control
panel with numerous gauges. In studying the pecularities of wvisual
information during instrument flight on a flight trainer, the author
established that during separate periods of the flight, the fre-
quency of glancing from instrument to instrument reached 150 and

even 200 motions per minute; i.e., on the average the pilot ob- /63
served three instruments per second. These data indicate the pilot's
great concentration of attention and the undoubted deficlet of time
for his work. A somewhat similar situation perhaps exists with
astronauts during the active periods of a flight. It is necessary

to bear in mind that an astronaut's daily work production under

the conditions of a deficit of time creates a sensory overload

which, as a rule, will be added to the already formed condition

of a lowered functional tonus, resulting in an extension of the
sensory underload. It is doubtless of interest to investigators to
study the nature of human reactions under these conditions in-
volving a sharp disparity in sensory information. But to create

a model of such a situation is not an easy task.

However, aviation practice offers us several possibilities
for the realization of such a situation. Thus, we (F. P. Kosmolin-
skiy, 8. E. Comshalyuk, N. A. Federov and I. N. Khazen, 19633 F. P.
Kosmolinskiy, 1963, 1964) observed crews who completed one of the
most complex tasks in flying--missions involving in-flight refuel-
ing. In these flights the moment of refueling, demanding a high
level of attention and great operator skill, generally comes at a
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period when the condition of the pilot, having flown the airplane
for many hours with the aid of the automatic pilot, is that of
reduced physiological calm. A sharp differential in the informa-
tional load arises. This situation, it seems to us, turns the
given aspect of the aviational task into a kind of model for simi-
lar situations in space flight (for example, the docking of space
ships).

Thus, we do not have in mind the production of concrete
activity and of motor reactions of an astronaut,2 but rather the
imitation of complex psychophysiological strain under conditions of
surplus information. In these investigations, attention was direct-
ed towards the presence of a great peculiarity in the condition /64
and the conduct of pilots during the refueling operation.

The refueling operation demands great precision on the part of
the pilot, calling for exceptional motor coordination, concentration
and attention. Under these conditions of heightened sensory stresses,
a great physiological strain is noted both subjectively and ob-
jectively. The basic physiological functions change sharply. The
Presence of all components of emotional (sthenic) strain exist
(physic excitation, autonomic dysfunctions, characteristic posture
changes, mimicking, etc.). The frequency of heart contractions
approaches extreme limits (up to 160-186 beats per minute), and the
respiratory rate also increases (up to 4O0-54 times per minute).
Perspiration increases sharply (the water loss approached 5-7% of
the body weight of a pilot), as does heat formation (body tempera-
ture rose by .7 to 1.2°). Extensive biochemical changes were
noted: the elimination of 17-ketosteroids by the organism sharply
increased (sometimes 6-8 times above normal) as did that of ascorbic
acid (10-20 times and even more, exceeding the original level),
which indicates a condition of stress (I. G. Dlusskaya, F. P. Kos-
molinskiy, N. A. Federov, 1963; F. P. Kosmolinskiy and F. E. Kom-
shalyuk, 1963).

A physiological analysis of these data leads one to the con-
clusion that such intense emotional strain on a pilot flying an
airplane depends upon a number of causes. Among these, tension
has great significance. It appears in pilots as a consequence of
the constriction of the spatial field: the immense expanse of the
ocean of air suddenly becomes amazingly crowded because of the
proximity of the fueling aircraft (the tanker). Moreover, the
operation of docking the aircraft brings on a definite psychological
difficulty which entails uniting two types of activity: the usual

2
Similar investigations were carried out by Simons and Walk (1965),

who studied the motor reactions of subjects iImitating the process
of transfer from one spaceship to another, using a weightlessness
tank located in the fuselage of an airplane flying a Kepler parabola.
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piloting of the aircraft on the basis of already solidly worked

out automatic habits, and the necessity for the pilot to perform
the additional, relatively new and less familiar task of refueling,
which involves a great load on the system of analysors. The sig-
nificant predominance of the psychological orientation for the ful-
fillment of this new and consequently unstrengthened activity
stereotype turns out to be the dominating one, which acts as if to
suppress the reinforced piloting habits and thus gives rise to
difficult neuropsychic condition. The experiments which have been
carried out permit one to prescribe a number of prophylactic mea-
sures directed toward the elevation of physiological stability
under conditions of extended activity involving sensory overload or
sensory deprivation.

In connection with this, both sensory underload and sensory
overload lead, in the final analysis, to physiological strain and
fatigue; a problem which leads first of all to the necessity for
maintaining a high level of functional possibilities for the orga-
nism's abilities.

FTirst there is the matter of developing the optimal regimens
of work and rest conforming to the concrete conditions and tasks
of space flights.

A special motor activity regimen for the maintenance of the
necessary physiological tonus, capacity for work and the stability
of a number of psychological functions appears to be an important
prophylactic measure. This regimen includes a general physical
stress and special physical exercises performed several times a
day (T. T. Dzhamgarov, I. I. Petrushevskiy, 1961, and others).

A. V. Korobkov (1963) proposes, as a general principle, the
elevation of an organism's stability in the presence of factors
of the external environment by means of a regimen of motor activity.
This regimen is especilally necessary in situations of isolation and
of sensory deprivation. Active motor activity, static efforts and
elevated tonus of muscles elicit a large flow of sensory informa-
tion which, by the reflex mechanism, promotes the completion and
stability of effective high nervous activity, (atrophic influence
on the various tissues, activating the gland function of internal
secretion, having a positive influence on the stability of the
vestibular apparatus, etc.). A. V. Korobkov views a regimen of
motor activity as a means for preservation of the terrestrial infor-
mation "spectrum" and, on this basis, the means to provide the
optimal state of the biological milieu of the organism and of psy—
chic activity and mental capacity for work.

The organization of the entire flow of circumstances and char-

acter of 1ife on the ship appears to be one of the means for the
maintenance of external sensory information at a sufficient level
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in the cabin of a space ship. A complex of questions has bearing
here, several of which go into serious scientific problems and
perspectives: the inter-relationship of crew members (questions
of group psychology, stimulat}bn of the secondary signaling system
of activity); the organization of work at the control panel (ques-
tions of the psychology of work and of engineering psychology):
creation of the necessary level of visual stimull; organization of
the interior and its periodic change:; that of auditory stimuli (a
system of musical programs); etc. G. K. Mikushkin (1966) proposes
the idea of using the mechanism of inter-relationship of the
analysors in that some of them may be stimulated by stimulating
others. In his opinion, the "functional atrophy" of muscular
analysor under conditions of weightlessness can be compensated for
to a certain degree by strengthening the functions of the visual
and auditory analysors. This may be achieved, on the one hand, by
training astronauts on Earth, and on the other hand by simulating,
in the cabin of the spaceship, the "accustomed" terrestrial condi-
tions relative to space and time. In this respect, it appears
necessary in particular to elaborate the astronauts' reactions on
the basis of visual, auditory and vestibular analysors having stable
forms, which lie at the basis of space and time perception and of
the perception of the spatial position of the body.

Great significance should be given to the possibility of
changing certain physiological stimuli on long space flights with
the aim of supporting a sufficient level of work capacity and psy-
chological activity. Thus, for example, a supplementary dispensing
of pharmacodynamic doses of certain water-soluble vitamins (as-
corbic acid, 300 mg; vitamin P, up to 150 mg; vitamin By, 25 mg;
para-aminobenzoic acid (PABA) 25 mg; and others) with glucose gives
good results in practical aviation (elevation of the general physi-
ological tonus and a lowering of nervous tension in pilots who are
performing complicated flights) (F. P. Kosmolinskiy, I. D. Dlusskaya
et al., 1963).

In order to overcome the phenomena of tension and of emotional /67
stability at the moment of sensory overstressing, several authors

propose specially directed conditioning. Thus, V. L. Narishchuk
proposes teaching the skill of self-control of one's own emotional
condition to external manifestations of emotion. In order to do

this, it is necessary to know how to determine if a constraint of
involuntary muscle tension exists; how to control rhythm and depth
of breathing; how to check the pulse during conditions of emotional
excitement; how to develop special habits for a more complete vol-
untary relaxation of the muscles and how to establish a calm respi-
ratory rhythm. It is possible to elevate emotional stability as a
means of forming special habits of self-control over external mani-
festations of emotion, and, with the help of these habits, to
overcome them.
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In conclusion, it is necessary to note the necessity of more
extensive investigations in the area of the study of changes in
the functional condition of an organism under the influence of in-
formational overload and sensory deprivation, and also where they
act alternately. It appears important to have further investigations
of new methodological procedures in these experiments, the creation
of models of the conditions of sensory overload, and also the al-
ternation of influences of stresses of various natures on the orga-
nism under natural conditions, as well as under conditions simulat-
ing extended space flights.
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PRINCIPLES AND MEANS OF INVESTIGATION OF
PROBLEMS OF DAYS IN SPACE

B. S. Alyakrinskiy

ABSTRACT: The various factors influencing the
possible organizations of daily periodicity under
space flight conditions are discussed. Sugges-
tions are made as to the need for further in-
vestigations relating to the organization of

the space day.

Among vital problems of space medicine is included the problem
of the organization of work and rest of astronauts, the regimen of
their life activity on board a spaceship and on orbital stations,
and, in the future, on other heavenly bodies, first of all on the
Moon. The organization of a man's life in space, in the first
Place, requires the foundation of a more rational life rhythm:
changes in the periods of being awake and resting which, under the
work conditions, correspond to periods of various intensities of
illumination; i.e., to the periods of the terrestrial day: day
and night.

At the beginning of the day, the human organism reaches a con-
dition of operative preparedness. The daylight period is the time
of greatest productivity of human activity; towards night, the
organism undergoes functional restoration providing valuable rest.
The beginning of day and night have been turned for us into unique
signal stimuli, and the process of setting our organism to work
and rest has all the features of a complex conditioned reflex.
Analyzing the phenomenon of the daily periocdicity of physioclogical
functions on the basis of facts obtained in the experiments of 0.P.
Shcherbakova and K. M. Bykov (1954), the conclusion is made that
periodic changes of these functions have as their basis temporary
neural bonds, conditioned reflexes formed as a result of a combi-
nation of the whole situation in which the action of impulses 1is
felt, which defines the daily periodicity, with the definite state
of the lower autonomic centers which act on the level of a number
of physiological functions. The strength of such conditioned
reflexes, with all other conditions beling equal, as a rule proves
to be very considerable. The usual change of day and night "has
entered into our habits so much that our physiological and psycho-
logical stability is, to a certain degree, dependent upon this
change" (K. M. Bykov, 1954).

It is precisely for this reason that the restructuring of daily

rhythm, especially in the first phase of such a restructuring,
leads to a lowering of the work capacity and to a worsening of the
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general condition of the person. Thus, in particular, it is known
that even a 12-hour flight on a jet airplane at a speed of 900
km/hr leads to a change in the physioclogical rhythm, elicited by
the change of day and night.

In space, the organization of a person's diurnal rhythm demands
serious preparatory investigations. The basis of the concept, in
view of which the fundamental principles and means of investigations
of the problem of the space day are considered, consists of the /70
hypothese that our usual terrestrial, i.e., 24-hour, day is the
optimal soclution to this problem, in particular, under conditions
of a comparatively short stay in space. Such a point of view is
expressed by a number of investigatovrs. It is just for this reason
that the first problem is the question of those conditions of ex-
istence which (at least at the current stage in the conquest of
space) exclude the possibility for the construction of a terrestrial
rhythm of a day in space.

The most important of these conditions are the following.

(1) The particular characteristics of the professional activity
of astronauts. This activity is characterized by a pronounced mo-
notony, by uniformity :and by unavoidable lowering of operative
vigilance, more pronounced when all systems of the spacecraft work
reliably and smoothly. The function of vigilance suffers especially
from the accumulated effects of fatigue (Hauty, 1959). The lowering
of operative vigilance limits the length of the astronaut's watch,
and consequently creates a supplementary limiting condition on the
organization of the space day. Evidently the duration of uninter-
rupted monitoring under the conditions of space flight cannot be
more than 4 hours. The investigation of Mervill Jones (1960)
established that, at the time of highly intensive and extended
flights, the normal duration of a radioman's watch is 3 hours. With
a greater duration, a progressive worsening of the standards of work
arises, as well as tension and irritability.

(2) Extension of the monitoring activity sequelae. Lowering
of the psychological productivity of the operator takes place not
only at the end of watch but also for some time after. The profile

of diurnal rhythm in space is regulated by taking this consequence
into consideration.

(3) The character and intensity of illumination in the cabin
of spacecraft. The illumination and diurnal rhythm are related as
cause and effect. The daily periodicity of life activity of a
man and of many representatives of the animal and plant kingdom /71
is based on the periodicity of intensity of illumination (primarily
of solar illumination). In special experiments with monkeys,
0. P. Shcherbakova (1949) "alternated" day and night, systematically
illuminating the cage by night and darkening it by day, and setting
the feeding time at night. It resulted that by the 7th-8th day a
maximum of temperature, motor activity and the highest pH in the
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night. Having created two "days" and two "nights" during one astro-

nomical day (illumination and feeding of the monkeys from 9 A.M. to
1 P.M. and from 7 P.M. to 1 A.M.), 0.P. Shcherbakova recorded two
periods of motor activity, two temperature maxima and two maxima in
respiration rate.

When Shcherbakova illuminated the cage by night, darkened by
day and fed the monkeys by day (in darkness), then the curve of phy-
siological functions reflected the influence of illumination almost

exclusively.

Aschoff (1964) showed that the intensity of illumination played
a special role in establishing daily periodicity with various organ-
isms.

It is important to emphasize that the dominating visual analy-
sor in man and its receptor evolved under the influence of solar
light. Therefore, the spectral sensitivity of the eye lies in the
maximum of the spectral curve of solar energy, which led F.I. Vavi-
lova to call the eyes "solar"; moreover, solar energy has the value
of a factor which influences the metabolic processes of an organism
(hence its use in medicine: helictherapy).

(4) The particular properties of the muscular activity of as-
tronauts. The muscular activity has a direct relation to the per-
iodicity of the physiclogical functions. In the experiments of
N.E. Panferova (1963, 1964), hypodynamia was accompanied by a level-
ing of the physiological activity of the human organism (body tem-
perature, pulse rate, blood pressure). Such conclusions were made
of the basis of analysis of physiological indices in the soundproof
chamber experiments of Yu.A. Gagarin (1962).

] (5) The number of members of the crew on the craft. Depending
on the size of the crew, the order of the day of the astronauts can
be changed in the direction of a closer approximation to an optimal
regimen.

(6) The individual characteristics of the astronauts and their
past experience. It is known that some people possess the ability
to fall asleep and to wake up at any given moment of time. Past

experience of a person (habit of mono- or multiphase sleep, "dead
hours", etc.) also dictate to a degree his adaptation to an unusual

daily regimen.

An analysis of the conditions determining the structure of
regimens of work and rest for astronauts with the tasks of formu-
lating practical recommendations for each specific actual flight
does not signify, however, an exclusion of a broader scientific in-
vestigation within the limits of the problems which interest us. As
the basis of such a broader investigation of problems of the space
days from our point of view, it must replace a potentially fuller
classification of diurnal rhythms, not connected with any concrete
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conditions of human existence. In order to construct this classifi-
cation, we will start out from a position according to which the
optimal diurnal rhythm is our customary terrestrial 24-hour rhythm.
Increasing or decreasing the number of hours in these days, we will
obtain an extended (25-, 26-hour etc.) or shortened (23-, 22-, 21-

hour etc.) day. Any daily variance, if it is taken as unique and
unchanging, over the course of a certain length of time can be call-
ed the static variant (static day). In addition to such a static

variant, we must consider the so-called "migrating" or dynamic va-
riant, whose essence amountsto the fact that each successive period
of the day (e.g. the sleep period) in each instance moves away from
(or approaches) the end of the preceding pevriod (e.g. the work peri-
od). 1In other words, migrating days are characterized by the incon-
sistency of their periods: the beginning, the end, the duration
characterized by such irregularity can be multidirected; i.e., in
one instance there will be a constant withdrawal of the definite
period (sleep) from the preceding period; in another instance an
approach; in a third instance the periodic succession of withdrawal
and approach. The same can take place even 1in regard to absolute
duration of various periods of the day.

The next type of day is a mixed day: mixed days, in contrast /73
to simple days, we designate as an ordering of waking and sleeping
such that, let us say, following a 12-hour day there is an 18- or
24-hour day or some other kind of day, wherein each variant of day
is either used only once or is repeated any number of times. It is
from such a classification that experiments must be constructed for
the study of the various variants of diurnal rhythms in space. We
have already noted that the optimal variants of diurnal rhythms must
be considered to be the usual terrestrial variant. However, this
assertion by no means signifies a denial of the possibility for a
man to adapt to rhythms of existence which differ from the terres-
trail one. Moreover, it 1s possible to consider the ability of the
person to adapt to various diurnal rhythms proven. Thus, in parti-
cular in the investigations of D.I. Ivanov et al. (1963) it was shown
that under the conditions of unusual diurnal rhythms (sleep from 20
hours 30 minutes to 2 hours 30 minutes and from 12 to 14 hours), the
daily periodicity of basic physiological functions not only displayed
less contrast, but also was distorted: the pulse rate, respiratory
rate and the body temperature at the time of sleep were greater than
in the waking period, which did not occur in the ordinary diurnal
rhythm under other similar experimental conditions (D.I. Ivanov et
al., 1963). Specialists of the Lockheed firm report a positive re-
sult of a 30-day experiment in which subjects worked 4 hours and
rested 4 hours.

In his notes, G.S. Titov (1963), living under the conditions of
a rhythm different from the terrestrial one (25 hours), noticed that
for him the concept of day and night was eliminated to a certain de-
gree. The restructuring of a person's diurnal rhythm is a relatively
difficult and, quite often, a very slow process. Thus, particularly
in the study of V.P. Solov'ev and G.M. Gambashidze (1963), data were
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presented of the study of the physiological functions of the night-
shift workers in the Moscow subway. Even their distortion of the
diurnal rhythm, which had lasted many years (work at night, sleep
during the day), was nto accompanied by restructuring of the rhythm
of physiological functions, the cause of which (in the authors'
opinion) is poor organization of daily rest. /74

T.P. Vol'khina and R.I. Kryuk (1963) investigated the physiolo-
gical functions of linotypists under conditions of three-shift work
and found that, during the night shift, they always adjust their
level to the time of the day and that the worst operative efficiency
falls exactly at those hours; hence the conclusion that the daily
periodicity influences the physiological condition of linotypists.
According to the data of E.I. Brandt and 0.I. Margolina (1962), a
drop in the temperature of railroad workers in the night shift during
the winter is more significant than in the day shift, given the
same work load. Den Su I (1962) established that electrical acti-
vity in the muscles during absolute rest is greater in the daylight
hours. The stability of the usual terrestrial rhythm of a person
follows from the Ffact thatunder total isolation with the exclusion
of all indices of time a spontaneous life rhythm, close to the 24-
hour rhythm, is established in man (Aschoff, 1930, 1937).

It is necessary to emphasize that a recognition of the possi-
bility of a man to adapt to new life rhythms does not signify any
facility for concrete study of the characteristics and mechanisms
of such adaptations, because the dynamics of physiological functions
and various diurnal rhythms, in the majority of the projects known
to us, appear as the total response of the organism to numerous ex-
perimental conditions. Thus, most frequently, astronauts or subjects
of experiments are transferred to new regimens of work and rest un-
der totally new conditions of existence: in soundproof chambers, in
spacecraft simulators, in tanks, etc.

Therefore, we see the study of "space" days aim for the simpli-
fication of experimental conditions to a degree which would facili-
tate the possibility of registering the influence on the human
organism of only one unusual factor of future life in space in each
case. Thus, for example, in the first experimental stage, the sub-
ject might remain under normal conditions of 1ife and activity,
but his rhythm (i.e., the duration of periods of waking and sleeping)
might be changed according to a given program. A new rhythm is su-
perimposed (applied) on the former life style of a person. In the
second stage, the influence on the subject of only new activity in /75
usual circumstances is studied: for example, the monitoring activity;
then the influence of this activity in usual circumstances but in
another rhythm; afterwards in a simulator of a space vehicle, first
with a 24-hour rhythm and finally under conditions approximating as
closely as possible the entire situation of 1life in space. The de-
velopment and approbation of artificial stimulation of the process
of human adaptation to an unusual regimen of work and rest appears
to be an important task within the scope of the problems of 1ife in

space.
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A program of research in this direction might include the fol-
lowing.

(1) A study of the effectiveness of pharmacological means which
strengthen both the inhibitory and the excitory processes in the
higher regions of the central nervous system, as well as facilitate
a person's acquisition of a new diurnal rhythm.

(2) A study of the influence of low and altered afferentation
on the rate of a person's "adaptation" to a new diurnal rhythm.

(3) A study of the influence on the rate of normalization of
sleep, of artificial muscular weakening and voluntary exclusion of
pPsychic activity.

L (4) Development of methodologies and their use in studying in-
dividual characteristics of human adaptation to artificial diurnal
rhythms.

Such are the most important tasks facing space medicine and
psychology in the area of studying the porblems of the space day.
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THE INFLUENCE OF VARIOUS REGIMENS OF WORK AND
REST ON THE FUNCTIONAL CONDITION OF A
MAN DURING A LONG STAY IN A
HERMETICALLY SEALED CHAMBER

A.A. Veselova, N.N. Gurovskiy, V.A. Dushkov, V.V. Zhuraviev,
S.N. Zaloguyev, P.R. Iseyev, Z.N. Karelina, M.I. Kozar',
F.P. Kosmolinskiy, Ye. M. Krutova, G.M. Manovtsev,

Yu.G. Nefedov, and V.M. Shilov

ABSTRACT: To investigate the effects of a pro-
longed space flight on the human organism, two
experiments were conducted in which subjects
were placed in a hermetically sealed chamber

and their reactions were studied. As a result,
the specific effects of these unusual environ-
mental conditions and of an unaccustomed regimen
of work and rest were able to be pinpointed.

In order to develop regimens of work and rest we have started
from the data given in the references, which indicate that with a
change in daily rhythm, the course of the basic physiological func-
tions of the organism also changes, which is expressed in a worsen-
ing of the general condition, in changes in temperature compensa-
tion, in a lowering of the indices of activity of the cardiovascu-
lar and muscular systems, and, connected with all these, in the
intellectual and physiological capacity for work. These changes
are functional, and after a definite length of time the organism
can adapt to new conditions. The adaptation process in a given in-
stance will be characterized by the stabilization of the organism's
functions at a new level.

These positions must be valid, to an equal degree, even for
activity of a spacecraft crew on an extended flight. In connection
with this, various regimens of life were investigated under condi-
tions characteristic of the limitations imposed by a space flight.

The investigations were carried out using a hermetically sealed
chamber, 23 m3 in volume (free air content was 15 m3 which had a
welded metal construction.

The chamber was equipped with a place for resting (a bed), a
special chair (a reclining chair) for the use of the subjects on
watch, and dining and work tables necessary for the experimental
apparatus and life support system (regeneration apparatus, air-con-
ditioners, heaters, etc.).
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Three subjects took part in the experiments: subject I., 30
years old; subject M., 27 years old; and subject S., 23 years old.
For the first 15 hours of the experiment, the reactions of the or-
ganism under a life regimen structured by an 8-hour sleep period
and a l6-hour waking period for each subject were studied (see Fig.
1.
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Fig. 1. Scheduling of the Periods of Sleep, Personal
Functions and Watch of the Subjects in the First Experiment.

For the first subject, sleep and waking periods did not essenti-
ally differ from the normal. He slept from 12 A.M. to 8 A.M.; then
for 4 hours he was occupied with tending persconal needs; at noon he
began to work and, with an hourly break, he remained on watch till
8 P.M., after which he rested and took care of his personal needs. /
For the second subject, the sleep period was from 8 A.M. to 4 P.M.
After sleeping, came a period for fulfilling personal needs, then
watch (from 8 P.M. to midnight). Then he had another 4-hour period
for taking care of personal needs, and a watch.

For the third subject, sleep was from 4 P.M. to 12 A.M.. After-
ward he began a work period lasting until 4 A.M., followed until

8 A.M. by a period of rest and taking care of personal needs. From
8 A.M. to 4 P.M., periods of work, of rest and of caring for personal
needs again followed. Thus, the period of waking for him, just as

with the second subject was not ordinary and encompassed the hours
of astronomical night.

A second 15-day experiment, with the participation of the same
subjects, was carried out a month after the first experiment; i.e.,
after all the consequences of the first experiment had disappeared.
For this experiment a regimen of work and rest was constructed in
the following way: the subject slept for 6 hours, stayed on watch
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for the same length of time (two watches of 3 hours each), and had
the same number of hours for rest and caring for personal needs

(Fig. 2). Thus, the duration of three astronomical days corresponded
to 4 days of the experiment; i.e., the whole experiment consisted

of 5 equal 72-hour cycles.

The work activity during the watch periods of both the first
and second experiments included: monitoring activity (observation
of instruments at a panel, 2 hours per watch); work on reporting the
results of checking the gas environment and functional organism
changes; systematic recording in the log books of their observations;
and muscular activity (a physical exercise program. Watches at the
panel took place in a special lounging arm chair in a position cor-
responding to the position of an astronaut. While on watch during
the so-called monitoring activity, the subject worked at a special
panel. In the event signals were received at the control panel, he
had to select a changing program of answering signals with the aid
of & tumbler switches. 1In order to assure responsible behavior on
the part of the subject working at the panel, a "punishment system"
was constructed. If a signal was missed or if an error was made,
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Fig. 2. Scheduling of Periods of Sleep, Fulfilling
Personal Needs and Watch of the Subjects in the Second Exper-
iment.

a tone of 105 dB automatically sounded. Turning off the siren was
possible only with the aid of the two other subjects, of whom one
had to interrupt his sleep and the other had to break away from
whatever program had been set up for him.
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During periods of caring for personal needs and rest, the
subjects, aside from sanitary hygienic measures and preparation of
food, occupied themselves with medical investigations, work at a
bicycle ergometer, and also performed a complex of physical exer-
cises.

Before the beginning of the experiment, the subjects underwent
a complete physical examination and were declared to be healthy and
suitable for participation in the experiment.

Methods of investigation. In order to evaluate regimens of
work and rest, complex investigations were employed, including dif-
ferent methods of studying the intellectual and physical capacity /80
for work. T

The degree of attention of the subjects was evaluated with the
aid of correction tests, which consisted of a series of printed sym-
bols (1600), distributed on one page in groups from 3-5 symbols in
each, with 40 printed symbols per line.

The subject had to cross out a specific combination of letters.
The concentration of attention was judged by the number of mistakes
(omissions or incorrect cross-out combinations). The time needed to
complete the tests was also evaluated; that 1s, how quickly the sub-
ject concentrated his attention.

In the memory study, the subjects were instructed to recall a
number of abstract and concrete words (20 words). The character
and amount of the material produced after a certain interval of
time served as a basic index of the condition of the subject's
memory for the given time period.

Intellectual capacity for work and the thought process as such
were studied with the aid of modified Krepelin tests, assoclation
tests, and also with a variety of blanks, through which the process
of generalization and analysis were traced. In the association tests
the subject was directed to respond to each word presented with a
word of opposite meaning. In addition, three words were presented
at once, two of which had a definite meaning-dependency:; for the
third word it was necessary to select a fourth which had the same
relationship in meaning as the first to the second (method of
parallel analogies).

The modified Krepelin test consists of 8 pairs of numerical
series with 23 numbers per line. In each pair of lines, the numbers
are distributed under each other. The subject had to add these in
sequence and subtract this sum from the same three digit number.

The result of the subtractions were written under each pair. The
work time for each line was strictly limited. After 30 seconds the
subject had to transfer to the following line on a signal giwven by
the experimentor.

The speed and accuracy of subtraction (the Krepelin test), the
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nature of association, the adequacy and latent time of response
reaction (association tests) allowed the possibility of judging

the intellectual work capacity and the thought process. In both ex-
pPeriments, on the basis of twice daily measurements of the axillary
temperature, the condition of thermal regulation was evaluated.

The subjects were weighed daily.

The methods of ergography, dynamometry, investigation of co-
ordination of movements and determinations of muscular tone were
used to characterize the capacity for work and the influence of the
regimen of work and rest on the fatigability of a person during his
stay in the hermetically sealed chamber.

The recording of the ergographic indices was made according to
the generally accepted method of working on the finger ergograph
with a rhythm of 1 motion per second and a weight of 4 kg. Work

was continued to the point of fatigue. In order to characterize the
restorative processes, after 2 minutes of passive rest the work was
repeated until fatigue. Analysis was made of the amount of work

which had been accomplished until fatigue in kilogrammeters and the
length and amplitude of the ergographic curve.

The strength of the right hand was determined on the finger
ergograph before work, immediately after work and after 10 minutes
of passive rest. Measurements were made 3 times under uniform con-
ditions. Strength was measured before and after work on a bycycle
ergograph (with a load of 600 kgm/min for 25 min.

Many investigators consider the study of motor coordination
as a method which characterizes the functional condition of the
motor center of the cerebral cortex. TIn our investigations, the
precision of movements was determined by means of an instrument
which registered even slight deviations of the hand's motion from
the given path of the drawing, the number of mistakes, the time and
the length of the traced path. In order to obtain comparative data,
an account was made of the number of mistakes per unit rate.

The functional status of blood circulation system was evaluated
by means of hemodynamic indices studied under analogous conditions
in both experiments.

Measurements of arterial pressure and pulse rate and recordings
of electrocardiograms and polycardiograms were carried out on the
subjects immediately after sleep. In experiments with an 18-hour
daily cycle, the data obtained were analyzed as dependent upon the /82
time of the subjects' awakening.

Investigations of the functions of external respiration were
carried out for all subjects under strictly standardized conditions
of basal metabolism, immediately after sleep and on an empty stomach.
An inspection was carried out 3 times before, 4-5 times during the
experiments, and once after them.
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In the first experiment,
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as the time of sleep, was fixed.

In the second experiment with 18-hour cycles,
were carried out on the 3,
though the time of sleep was shifted,

6, 9,

12th astronomical day where,
the tests for each subject

were fixed and were carried out at the same time.
0600 hours and 0800 hours in the morning are comparable to the
usual time of investigating external respiration,
that the question of how the given function would change at other
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The frequency and minute-volume of respiration were studied,

tion and expiration.

a gas analyzer of the Belau systemn.
dary volumes were calculated:

inspira-

Gas exchange was determined with the aid of

olar ventilation, respiratory equivalent,

use,

(according to the Kjeldahl method).
under investigation was taken before the experiment,

respiratory coefficient and base volume.

volume of tidal air,

Afterwards a number of secon-

volume of alve-

coefficient of oxygen

Studies were made of the nitrogen content in the daily urine

A collection of the material

during the

experiment (each day) and after the end of the experiment.

amount of hemoglobin,
rocyte sedimentation were studied.
determined and a differential white count was calculated,
the quantity of thrombocytes and reticulocytes.

Hematological investigations were carried out on each subject
after he slept and on an empty stomach.

In the second experiment,

number of leucocytes,

on the general stability of the organism,

resistance of its tissues to the action of various factors,

The number of erythrocytes,

and the rate of eryth-
The size of erythrocytes was

as was

in order to study supplementary data

and in particular of the

the

osmotic resistance of erythrocytes in the peripheral blood (ORE) of

the subjects was studied.

on the 8, 11, l4th days of the experiment and after the subjects
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left the chamber. Each time, 5-7 parallel tests were made. ORE
was defined according to the modified method of Vasilevskiy,
Barasheva et al. (L.V. Serova, 1964). A concentration of sodium
chloride from 0.4 to 0.85% was used.

At the time of the experiments, the microflora and the tegumen-
tal tissue were studied, and several indices of the subjects' natural
immunity were investigated. The microflora of the skin of the sub-
jects was studied by the patch method proposed by N. N. Klemparskaya
and 0. G. Alekseyeva (1958).

Because a study was made of the influence of bactericidal
clothing on the autoflora of a person's skin from a chemical point
of view (using material with which hexachlorophine was chemically
bound), a study of the microflora was carried out on the open skin
(internal surface of the skin of the left forearm) and on skin
constantly covered by the clothing (left shoulder blade).

In order to make a more complete study of the microflora, 215
strains of staphylococcus were isolated from the internal surface
of the skin at the left forearm, and 120 strains in the second ex-
periment. The following were investigated in isolated cultures:
the ability to lyse erythrocytes of human and rabbit blood, coagula-
tion of rabbit citrate plasma, the presence of hyaluronidase enzyme,
resistance to bacterioccidal strain (bromothymol blue and crystal
violet), assimilation of mannitol and pigment formation on lactic
saline agar. The pharyngeal microflora was studied by means of
rinses as proposed by K.I. Turzhetskiy and E.I. Olen'yeva (1957).

The status of natural immunity of the subjects was evaluated
according to the bactericidal function of the skin, determined in
relation to B. Coli-6875 (a smear method, proposed by N.N. Klemparsk-
aya), and to the fagocyte activity of neutrophils in the blood and /84
the content of lysozymes in the saliva.

The investigation of lysozyme activity of the subjects' saliva
was carried out according to the method of ).G. Alekseyeva (1965).
The maximal dilution (titer) of the fasting saliva was determined,
during which lysis of a suspension of a standard Micerococcus Lly-
sodeicticus strain was observed.

Several times before the experiment, study was performed on
the autoflora of the tegumental tissues and of natural immunity
indices for the production of stable baseline values.

The results obtained were submitted to statistical analysis by
means of calculating the XZ%-criterion.

Thus, a complex investigation by means of the enumerated methods
facilitated determining the functional changes in various systems
of the organism and the operative efficiency of the subjects during

the experiment.
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A. The Investigation of Intellectual Work
Efficiency and of Psychic Functions

The investigations of attention showed that the time required
for completion of correction tests by all three subjects during ex-
periments with a 24-hour cycle of life activity increased in com-
parison with baseline data.

Thus, before the experiment, it took subject I. 4 minutes 40

seconds to complete the correction test. While in the hermetically
sealed chamber, this time increased to 11 minutes 31 seconds, i.e.,
2% times in comparison to the original data. The time for the
completion of the correction test of subject S. increased, but in-
significantly. While before the experiment his time equaled 5

minutes 25 seconds, during the experiment the test was completed in
6 minutes 35 seconds.

With the third subject, subject M., the time for the completion
of the test also increased (4 minutes. 37 seconds before the experi-
ment and 6 minutes in the experimental period).

The number of mistakes in the completion of the correction
tests increased to 2% times the original only for subject M. (before
the experiment there were 5 mistakes and during the experiment the /85
number of mistakes was 12). There was no increase in mistakes in
the correction tests noted for subjects I. and subject S. Thus the
process of concentration in the first experiment was changed for
all subjects.®

More decisive changes in the concentration of attention were
noticed in all of the subjects with an 18-hour regimen of life
activity. In this case, it turned out that during the daytime,
when sleep took place during the normal or accustomed nighttime,
concentration of attention changed less; and on the other hand,
during periods when sleep took place during daytime these indices
were markedly worse. Thus, for subject M., on the 5th day of his
stay in the chamber the number of mistakes in completion of the
correction tests increased to 18, On the 11th day, it was 16, and
on the fourteenth day the number of mistakes increased to 20. 1In
comparison with baseline data (6 mistakes) concentration of atten-
tion had markedly worsened (see Fig. 8). As far as subject I. was /86
concerned, the number of mistakes in completing the correction test
also increased. Before the experiment he only made one mistake;
on the 5th day, 6 mistakes; on the 8th, 4 mistakes; on the 1l1lth,

4 mistakes; on the 1u4th day, 8 mistakes.

In the memory study, the amount of material recalled by sub-
ject S. in the first experiment diminished in comparison with data
(see Fig. 4). In the second experiment with an 18-hour cycle an

#*Ed. note: sic!
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Fig. 3. Change in the Concen-
tration of Attention in First
and Second Experiments of Sub-
ject M. (1) Errors in lst Ex-
periment; (2) Time of Comple-
tion of the lst Experiment;
(3) Errors in 2nd Experiment;
(4) Time of Completion of Sec-
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Fig. 4. Change in Memory of

Subject S. in First and Sec-
ond Experiments.

irregularity in remembered materi-
al in the daytime was observed.

As far as subject I. was con-
cerned, during the first and sec-
ond experiments the indicator of
quantity of remembered material
remained practically unchanged.
But the time necessary for remem-
bering the given word increased
(in comparison with the baseline
data). Changes were noticed also
in the investigation of intellec-
tual work efficiency. Both in
the first and the second experi-
ments, all three subjects showed
an increase in latent time of
response on the average of two
times the original (association
tests).

Productivity of intellectual
activity in the first experiment
toward the end of the subject's
stay in the hermetically sealed
chamber diminished insignificantly
for all three subjects.

Analysis of the productivity
of intellectual activity in the
second experiment during watches
and the general accumulated data
for each day showed a change for
the worse, especially with sub-
ject S. His productivity of in-
tellectual activity dropped al-
most by a factor of two during
second watch periods.

The intellectual productiv-
ity of subject M. fluctuated
sharply both by the day and during
watches. The intellectual pro-
ductivity of subject I., during
both the first and second experi-

ments, remained irregular without any noticeable lowering at the
end of his stay in the hermetically sealed chamber.

From the above-given material it is apparent that far greater
changes in psychic function and in intellectual work efficiency on
the whole are observed in the second experiment, during which the

73



subjects' regimen of life activity was markedly altered, both in /87
duration and scheduling of hours of work and rest.

B. Body Temperature

Twice daily measurements of axillary temperature showed that,
in all instances, it remained within the limits of normal values.
In this regard it appeared advisable to carry out statistical
analysis of the obtained data in order to be able to develop a new
diurnal rhythm corresponding to the changed regimen of 1ife, especi-
ally for subjects M. and S., whose sleep time, during the first
experiment, took place during the day.

With subject I., for whom the time of sleep was normal, there
were no deviations from the normal dynamics of body temperature
(diurnal rhythm), as was expected. TFor subject M., the difference
between "morning" (P.M.) and "evening'" (8 A.M.) temperature ap-
peared to be insignificant (the average values for the period of
experiment were 36.3° and 36.6°, vrespectively). For subject S.,
the difference between morning (midnight) and evening (4 P.M.)
temperature also was not remarkable. In the two latter cases,
attention was called to the lack of differences in the values of
body temperature upon rising and upon departure for sleep. Thus,
by all appearances, a development of a new physiological rhythm of
temperature regulation for these subjects did not take place.

In the second experiment, when astronomical times of 0000 hours,
0600 hours, 1200 hours and 1800 hours were alternately, for each
subject, first morning and then evening, the values of axillary
temperature also did not deviate beyond the limits of the physio-
logical norm, and in addition no indications of a development of a
new rhythm of temperature regulation were noted.

C. Body Weight, Daily Energy Expenditure and Fluid Balance

For all subjects in both experiments against a background of
a common tendency for a certain amount of weight reduction, fluctua-
tions in the body weight of about 0.5 kg were observed. Energy ex-
penditure for two of the subjects (subject I. and 'subject S.) only
slightly exceeded the caloric intake, 2760 calories on the average
(Table 3), and, as a consequence, their weight loss was also insig-
nificant.

Energy expenditures for the separate periods and for whole
days in the first experiment (presented in Table 3) were calculated
on the basis of data on gas exchange during various types of activity
and time study of work operations.

A study of fluid balance was carried out in the experiments
(Table 4).
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Subject

TABLE 3. ENERGY EXPENDITURE OF SUBJECTS IN SEALED CHAMBER

Energy Lo
Free
Energy
Expendi-

ture of

Exer-
cises

I. 8h8.2

M. 656.5

S. 607 .7

As is shown by Table 4,
chamber during the second experiment,

Physical

sses During
Time
Energy
Losses
During
Remain-
ing
Free
Time

995.0
775.6

963.6

ing the
+Watch Periods

| Energy Losses
Dur

\]
|_l
=
(o]

672.0

768.0

-

Energy Losses
During the

Sleep Period Daily
(Corresponding Expendi-
to the Literary tures
Data , Equal
to 70 cal/hr.
per kg of Body
Weight)
599.2 3156 .4
555.2 2659.3
664 .4 3005.7 -

elimination of moisture into the
despite the lower temperature

of the air, was more intensive in comparison with the first experi-

ment (89.3 and 68.

TABLE 4.

8 ml/hr.).

FOR ONE SUBJECT IN ml IN BOTH EXPERIMENTS
(FOR SEVERAL EXPERIMENTAL DAYS)

First Experiment with
24 -Hour Cycle

Water Intake

(1) Water Con-
tained in the
Ration, 836

(2) Water Re-
ceived by

Drinking, 1566

Total
2,402

Water
Elimination

(1) Volume of
Diuresis,
1004

(2) Moisture
Collected

in Chamber,
1636

2,640

Water Intake

(1) Water Con-
tained in the
Ration,

(2) Water Re-
ceived by
Drinking in
the Chamber,
1499

2,126

MEAN VALUE OF FLUID EQUILIBRIUM FROM CALCULATIONS 89

Second Experiment with
18-Hour Cycle

“Water
Elimination

627

(1) Volume of
Diuresis,

827

(2) Moisture
Collected in
Chamber,

1607

2,434
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D.

The work capability of a subject--the basic index of the state
one after

Muscular Work Capability

of neuromuscular activity--suffered a number of changes,

another, while in the hermetically sealed chamber;

changes dependent

upon the difficulty of the experiment being carried out and the
degree of training of the participants.

capability of a person who remains for a long time in a hermetically
on the first day,

sealed chamber has its own regular laws:

a rule,

of exhaustion is observed,

With the development of adaptive mechanisms,

increased somewhat;

however,

A change in the work

thus,

a marked diminution of work carried out through the point

which can be connected through the re-
action of the organism to the new conditions of its surroundings.

the work capability
it did not reach the original level.
At the end of the period of stay in the hermetically sealed chamber,
a constant diminution of the work capability occurred which was not
dependent upon the duration of the experiment, which in all proba-

as

bility was connected with an adjustment of the organism to a definite

time limit on the experiment.

jectively manifested weakness and elevated fatigability.

We also observed similar tendencies in work capability changes

in the data of the tests. There was a clearly expressed dependency

During this period the subjects sub-

of the amount of work capability in the subjects not only on the
conditions of external environment in the sealed chamber,

on the regimen of work and rest (see Table 5).
of the work completed to exhaustion,
18-hour daily regimen,
the original level to 19.58 kilogram-meters;
and during the experiment of the 24-hour regimen,

the lowering of operative efficiency consisted of only 3.2 kilogram-

kilogram-meters,

meters.

TABLE 5.

FROM THE ORIGINAL IN PERCENT

but also
Thus the quantity
in the experiment with the

diminished from the 34.68 kilogram-meters of
that is,

by 15.1

AMOUNT OF CHANGE IN WORK CAPABILITY

Day of Exp.

Before

Exp.
First Experiment 100
Second Experiment 100

It must be noted that after the end of the second experiment,

82.7
61.0

91.3
65.5

85.4
71.1

N

76.3
56.0

114
95.0

restoration of operative efficiency was not observed even on the

7th day after the subjects left the chamber.

An evaluation of the

functional conditions of the neuromuscular activity was also car-

ried out according to the effectiveness of the restoration of work
an indication of which was the percentage ratio of the

capability,
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ratio of the amount of work of the second stage to the first stage,

which was completed after 2 minutes of rest. This index, as indi-
cated by the preceding experiments, responds sufficiently sharply
to the change in environmental conditions. Thus an 18-hour life

regimen, which is unusual for a person, in the second experiment
led to a gradual growth of fatigue to diminishing effectiveness of
the restoration of work efficiency® (Table 6).

TABLE 6. EFFECTIVENESS OF RESTORATION OF WORK
EFFICIENCY IN PERCENT

Before Day of Exp. After
Exp. B B Exp.
3 l 5 9 13
First Experiment 64.7 [116.3 97.1}70.9 {69.0 91.5
Second Experiment 60.2 58.0 62.5(61.0 36.4 3n.2

The high values for indices of restoration of work which were
noted in the first experiment evidence the sufficiency of a 2-minute
rest, especially during the first days of residence in the sealed
chamber.

An analysis of ergographic curves indicated that the length of
the ergogram of this unique index of the functional status of the Lgi
motor center of the cerebral cortex was significantly shortened in
the period of the subjects stay in the hermetically sealed chamber.
In addition, a more distinect shortening took place during the 1l8-hour
regimen of work and rest. Moreover a uniform trend in changes in
the length of the ergogram was observed with the changes in the
amount of work capability (Table 7). Changes in the amplitude of

TABLE 7. LENGTH OF ERGOGRAPHIC CURVE IN PERCENT

Before Day of Exp. After
EXp. N Exp.
3 5 9 13
First Experiment 100 83 85 91 76 91
Second Experiment 100 61 71 66 56 96

ergogram were insignificant and did not exceed *0.56 m.

The data of the dynamometric investigations permit the obser-
vation that the muscular strength of the hands diminished only at
%#Ed. note: Actually, the efficacy of rest.

77



the end of the extended stay in the chamber. A loading of the condi-
tions of work and rest in the second experiment led to a more marked
lowering of muscular strength, which by the third day in the hermet-
ically sealed chamber had already diminished by 16% (Table 8).

TABLE 8. MUSCULAR STRENGTH OF THE RIGHT HAND IN KILOGRAMS

Before Day of Exp. After
Exp. - - - Exp.
3 5 9 l 13
First Experiment 54 58 54 52 l 54 54
Second Experiment 57 L8 50 L2 52 54

In both experiments, changes in the amount of strength at the
bicycle ergometer were insignificant and did not exceed 3-6% of the
original level. It is characteristic that in an earlier experiment
carried out in the hermetically sealed chamber, strength at the
bicycle ergometer diminished to a greater degree than the muscular
strength of the hands, which evidently is connected with the pre-
dominance of supplementary statistical stresses in a room of
limited volume, stresses which could only influence the amount of
standing strengthw®.

The functional condition of the motor center of the cerebral /92
cortex was also evaluated on the basis of an investigation of pre-
cision of movement. In the second experiment, for this evaluation
supplementary data for determining the muscular tone were used.

An analysis of the obtained results allowed one to note a cer-
tain increase In the number of mistakes per unit rate in the second
experiment (Table 9).

TABLE 9. CHANGES IN THE INDEX OF PRECISION
OF MOTION (CONDITION UNITS)

Before Day of Exp. After
Exp . —p ey -eeel Exp
3 5 9 ] 13
First Experiment .7 6.4 L,7 3.5 5.6 4.9
Second Experiment .7 4.2 5.2 15.0 5.9 | 3
]

The functional status of the cerebral cortex motor center was
also evaluated on the basis of movement accuracy studies. Muscle
tone studies were also employed in the 2nd experiment for such
evaluation. . o S
*Ed. Note: The original is confusing here. It could read, "...as-
sociated with the predominance in the room of a limited quantity of
extra statistical stresses..."
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Analysis of the findings revealed some increase in the number
of mistakes per unit rate in the second experiment (Table 9).

Determination of the tone of the femoral muscles was made be-
fore and after work om a bicycle ergometer. The results of the in-
vestigation were expressed absolute units of the scale of a myoto-
nometer. The obtained data (Table 10) attest to diminished muscular
tone during the period in the chamber, which reflects the lowering
of strength both of the excitory and the inhibitory processes of the
central nervous system. Average physical stress--work on a bicycle
ergometer--as a rule, led to further lowering of the tone of the
femoral muscle.

TABLE 10. THE INFLUENCE OF PHYSICAL STRESS ON
_THE MUSCULAR TONE OF THE FEMORAL MUSCLES (ARBITRARY UNITS)

Before Day of Exp. After
Exp. 1 Exp.
3 5 9 13
Before Work on
Bicyecle Ergometer 23.2 [17.8 9.2 7.2 | 6.8 11.6
After Work on
Bicycle Ergometer 4.4 |12.8 8.0 | 8.0 4.8 7.4

As follows from Table 10, the negative iInfluence of the physi-
cal stress on the muscular tone lessens somewhat with an extended
experiment, which, however, is relative and depends basically on a /93
more pronounced lowering of the muscular tone before work on a
bicycle ergometer.

Thus the neuromuscular activity of a man under conditions of
extended stay in a hermetically sealed chamber undergoes definite
changes leading to a decrease in work capability and to the growth
of fatigue in the subjects. In addition, the depth of the changes
depend upon the stress of the life conditions, including a correctly
organized regimen of work and rest.

E. Investigation of Conditions of the Cardiovascular System
While a man is in a hermetically sealed place of limited volume,
definite changes in functional condition of the cardiovascular sys-
tem are observed.
In connection with this, it is of great interest to study the
cardiovascular system of a subject while he is engaged in active

work under various conditions of 1ife regimens.

Investigation of the pulse rate of the subjects in the first
experiment showed a marked lowering.
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Changes in arterial pressure in the given experiment with
various subjects was uneven. Thus with subject I., whose life activ-
ity progressed in a regimen of an unchanged daily periodicity, there
was a notable lowering of a maximum and minimum arterial pressure
during the entire experiment.

With subjects S. and M. in the presence of a general tendency
toward the lowering of arterial pressure on separate days of the
experiment, there was an elevation of the maximum and minimum pres-
sure in which the level of maximum pressure in separate instances
exceeded the baseline value.

Pulse pressure in the experiment with 24-hour daily cycle
changed insignificantly, and did not exceed the bounds of 35-55
mm Hg, which evidently can indicate a sufficiently good functional
condition of the circulatory apparatus.

In the second experiment there was also a lowering of the pulse
rate with all three subjects. A dependency of the frequency of /9k
coronary contractions on the time of waking was more pronounced
in subjects S and M: upon waking at 0600 hours and 2400 hours
the pulse rate lowered in comparison with the baseline data, to a
greater degree than upon waking at 1200 hours and 1800 hours

(Table 11).

Table 11 presents the data of pulse rate in experiments with
8-hour daily cycle depending upon the time of awakening of the sub-

ject.

Maximal pressure in the second experiment dropped in all sub-
jects. In addition, a dependency of the degree of lowering of max-
imal pressure on the time of waking was noticed.

As is shown in Table 12, maximum pressure 1lowered more sig-
nificantly when the subjects awoke at 0600 hours. With waking at
1200, 1800 and 2400 hours, a high value of maximum pressure is ob-

served.

Changes in the minimal pressure did not have pronounced char-
acter. In addition, it 1s possible to note a somewhat higher level

in subject S, (70-84 mm Hg).

In order to evaluate the tonus of the vascular system, methods
of defining the speed of propagation of pulse waves (SPPW) were

used.

SPPW in the left hear-carotid artery section in both experi-
ments remained practically unchanged. The time of passage of the
pulse wave was found to be within the limits of 0.03 to 0.0k seconds.
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SPPW over the arc from the left heart to a toe of the right
foot changed during the course of the second experiment from 5.3 to
6.4 m/sec (beginning of the experiment) to 5.6 to 6.9 m/sec toward
the end of the experiment.

SPPW from the left heart to a finger of the right hand (a de-
termination was made only in the experiment with 18-hour daily
cyecle) during a stay of the subject in the hermetically sealed cham-
ber was from 4.8 to 5.8 m/sec at the end of the experiment.

Thus, as is seen by the above-given data, the tone of the
main vessels in various portions of the vascular system increased
somewhat.

Electrocardiogram analysis in both experiments showed a certain
increase in the PQ interval of subjects I, and S.

TABLE 11. PULSE RATE AFTER SLEEPING IN CYCLES /95

) Tt o A: . A ) S. M,
T&nxeof]Day(hours)no 1 2 {3 | 4|5 O |1 2 [ 3| 4 5 | Ho | 1 2 | 31 4 5
S SR L . o [ L

6 — | 60)160|64|60]54] —|52]54 52|48 —t — |48 +52 |56 |54 36

12 8416454160 160|54{66|60|60|60|54|{54|72|54|60]|62{52]|—

18 — | 66154,60([60]|52| —(52|956}60|5+|54|—|[64166]54160]060

24 — |60 56| 546064 —[{52|56|48 54|56 —|66|54[48 (5452

TABLE 12. MAXIMUM PRESSURE AFTER SLEEP IN CYCLES

——— - — = - e e—— —

- L S, M
Time of Day (hours)
Ho 1 2 3 4 5 do 1 2 3 4 3 Ao 1 2 3 4 5
'
6 —1 96| 94]|100/100]104| —([1041102| 98|102| —| — 92| 90|100{100| 100
12 115]104{108104| 90) 98;114)104)108|110| 98)102{114/100]110}110]1056| —
18 —11081{110{108]104| 98] — |112| 94|106]110|108| —|110]110(108|102; 106
21 —J100|{110}108|114(110} — |104| 98100 |104;108| —|100|104}{102|100] 93

Phase analysis of the cardiograph cycle (polycardiograph) in /96
both experiments showed a statistically reliable increase of the
mechanical systole of the left ventricle of the heart due to an in-
crease in the expulsion phase (isoelectric systole). A protodia-
stolic period and phase of isometric gystoles in addition practical-
ly did not change.
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The baseline data for the expulsion phase were within the
bounds of 0.23 to 0.27 sec toward the end of the experiment. The
duration of the expulsion phase was elevated to between 0.29 and
0.32 sec, and after the end of the experiment it gradually lowered
to the original value.

The duration of the mechanical systole of the left ventricle
in the experiments also increased (from 0.28-0.3 to 0.32-0.36 sec).

F. Functional Status of External Respiration

Great changes in these functions were not established by means
of the above-mentioned investigations. It was made clear that the
oxygen demand and consequently, basal metabolism, did not change in
comparison with baseline values. It is true that in the second
experiment, with subject I. on a 24-hour and subject M. on an 18-
hour regimen, in separate periods, an increase was noted in demand
(up to +30.7% above the norm), but on the whole, during the period
of experiments changes were uncertain.

With unchanged oxygen demand, the coefficient of oxygen use
during these days lowered and the ventilation equivalent increased,
which could evidence a worsening of ventilation effectiveness and
a lowering of diffusion ability of the lungs. On the basis of
given data, to be sure, from a small number of observations (27
measurements) it is also possible to conclude that the astronomical
time as such does not influence the rate of basal metabolism, if
all other conditions are fulfilled.

G. Investigation of Peripheral Blood

Changes in peripheral blood did not exceed the limits of the
generally accepted physiological norms. The illustrations shown
here give individual data pertaining to each subject received
throughout the period of observation and the mean values reflecting /97
a general tendency for changes of some hematological indices. -

Changes on the part of red blood cells were characterized by
an increase in the quantity of hemoglobin of two subjects from
16-17% (normal level, 14-15%). At the same time, in two of the
subjects during and after the end of the first experiment, a cer-
tain decrease in the quantity of erythrocytes was observed. The
indicated changes give evidence of the presence of definite hyper-
chromia and an increase in the amount of reticulocytes of two sub-
jects in the first experiment, and a significant increase in their
quantity in all subjects in the second experiment (Fig. 5). Data
obtained during the study of the function of external respiration
indicate an insufficiency in the oxygen supply of the organism.
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Definite changes were also observed on the part of the white
blood cells. The quantity of leucocytes increased somewhat during
the first experiment, and was especially marked on the second to
eighth day of the second experiment (see Fig. 8).

Increase in the quantity of leucocytes took place basically
because of the increase in the number of neutrophils, especially
lymphocytes. The latter evidently can be explained by development
of fatigue in the subjects, which is supported by the data and
other investigations.

Osmotic resistance of erythrocytes in the blood of the subjects
in the second experiment underwent the following changes.

At the beginning of the experiment, the maximal value was re-
corded in subject M.: in a 48 mg% solution of sodium chloride, 53%
of his erythrocytes were whole; in a 44 mg% solution of sodium
chloride, 25% of the erythrocytes were whole. It was even lower for
subject S.: in a 48 mg% solution, only 26% of his erythrocytes were
whole (Table 13). The difference in indices in the respective sub-
jects is statistically verifiable.

7
5

vy T TrTrrrirrrrrrrm—

SN SN SRR T

@ s o 2 s & v ¥ R @ & 2 5 & u #% R

Fig. 5. Change in the Quantity of Reticulocy-

tes in the Subjects' Blood. I - lst Experi-

mental Pericd; II - Second Experimental Period;
R - Recovery
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Fig. 6. Change in the Quantity of Leukocytes
in the Subjects' Blood. Designation are the
Same as in Figure 5.
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TABLE 13. A CHANGE IN THE OSMOTIC RESISTANCE OF
ERYTHROCYTES OF PERIPHERAL BLOOD IN THE
EXPERIMENT WITH AN 18-HOUR DAILY CYCLE

Subject Period of Number of % of Whole
Observation Observations Erythrocytes
in 48 mg %
Solution' of
NaCl
M Before Experiment.... 7 53*2.4
8th Daye.eeeeeraesnen 7 82+2.6
11-14th Day...evn.. .. 12 61+2.6
After Experiment..... 5 41+1.,3
I Before Experiment.... 6 4i1+5.0
Bth DaV.vuneoeaneaean 6 576.5
11-14th Dayeoeeeeassaen 11 353 .4
After Experiment..... 5 16%4.0
S Before Experiment... 5 26+5.6
8th Dayeeeeeeoesonson 5 55+6.2
11th Day.eeeeoen.. 5 1445
14th Day.ceeeoecoons . 5 234,383
After Experiment..... 5 13f4.0

Concentration of 48 mg% in a given case proved to be a very char-
acteristic - "broken" point in the hemolysis curve.

On the 8th day of the experiment, a distinct rise in the re-
sistance of erythrocytes in comparison with the original data was
noted for all three subjects. Thus, for subject M. before experiments
in a 48 mg% solution of sodium chloride, 53% of the erythrocytes
were whole, and on the 8th day, 82%. For subject I these values
weres correspondingly>4l and 57%; for subject S. they were 26 and 55%.
Thereafter the stability of erythrocytes begins to fall, and on the
11th day of the experiment in the 48 mg% solution of sodium chloride
for subject M, 61% of erthrocytes were whole; for subject I, 35%;

and an especially sharp drop in this index was noted on this day
for subject S. (14%).

Subsequently for two of the subjects, M and I, the values char-
acterizing osmotic resistance of erythrocytes remained at the level
reached on the 1llth day; the difference between the 1lth. and 1l4th
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day was practically nonexistent, and only for subject S. was there a
sharp drop in the resistance of erythrocytes from the 1lth day to
the 1l4th day. The difference in the values between these days is
statistically reliable. Observation of the subjects after their
exit from the chamber showed a lowering in the stability of erythro-
cytes to the norm (for subject S.) or below the norm (for subjects
I. and M). Thus with a 15 day experiment consisting of 20 18-hour
cycles, osmotic resistance of erythrocytes for the subjects changed
significantly several times in a regular fashion: 1t rose toward /100
the middle of the experiment and lowered toward the 1lth day,remain-
ing at this level up to the end of the experiment,and again lowered
after the exit from the chamber. The only disturbance in this vre-
gularity was a certain elevation in the index under considera-

tion for subject S. on the 1l4th day (see Table 13).

H. Urinalysis

Results of the investigation of daily diuresis show that on
adduction of a daily volume of deaminized protein after 24 hours, in
the second experiment a mean volume was received equal to 114.2
grams per day, which was an increase of almost 20 grams above the
quantity collected in the first experiment. Consequently deaminiza-
tion of protein and the necessity for it was greater in the second
experiment, which can evidence the fact of the more difficult condi-
tions of this experiment.

I. Microflora of the Tegumental Tissues and the
Condition of Several TITndices of Natural Immunity

A man's residence in a hermetically sealed place of limited
volume is usually accompanied by an elevation in the level of micro-
contamination of the skin and of the mucous membrane of the oral
and and pharyngeal cavities.

In the first experiment, the level of microcontamination of
the skin for the various subjects for the whole duration was unequal.
However the quantity of microorganisms living on the teguments sig-
nificantly exceeded the average level established for a healthy
person (Table 1u).

An especially marked increase in the usual number of microor-
ganisms on the skin was noted for subject I. It is necessary to
note that both before the experiment and during it, the quantity of
microbes on the portions of the skin covered by clothing and the
portions not covered by clothing were the same, and the change of
level in microbe spore formation was monotypic.

Data on the composition and quantity of microoganisms on the
various portions of the skin agree with our data received in the
series of preceding experiments in which an identity of the changes
was indicated in the quantity of bacteria on the skin of the inner
surface of the right forearm, and of the left half of the stomach
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TABLE 14, USUAL NUMBER OF MICROORGANISMS ON THE
SKIN OF THE FOREARM AND SHOULDER BLADE

OF THE SUBJECTS IN THE FIRST EXPERIMENT /101
Subject| Place Investigated| Number of Day of Number of
Colonies Experiment Colonies
Before  \Tgen srh wuwen | o ATEST
Experiment Experiment
I Forearm 70 90 40| 780{ 370{1,300 40
Shoulder blade 70 {150} 140 | 920| 460 600 190
M Forearm 180 | 70§ 340 } 480 80 350 220
Shoulder blade 120 1110f 50| 230 - 50 260
S Forearm 160 |220{160 | 110| 160 36 80
Shoulder blade 70 1 90| 150 | 170| 100 30 40

during exposure of the subjects in the hermetically sealed place.
The content of hemolytic forms of bacteria during the experiment
changed insignificantly.

A certain increase in the quantity of staphylococcus, reflect-
ing high hyaluronidase and coagulates, was observed on the 14th day
of the experiment and at the end of the experiment.

On the 8th day of experiment, on the skin of subjects a rise
in the staphylococcus content was noticed which was resistant to
bicmyg¢in and levomycetins. This is especially pronounced with
subjects M, and I.

Microbe spore formation in the oral and pharyngeal cavities of

subjects markedly increased. It was especially pronounced on the
5th day of the experiment, when the total number of microbes in-
creased, in comparison with the baseline level, 400-500 times. The

basic quantity of microorganisms manifested during. this period was
represented by nonhemolytic streptococci.

The investigated natural immunity indices were within the
bounds of the baseline level,

In the second experiment, clothing was used which had been
made from bactericidal fabric.

In connection with this in the second experiment, several
changes were noticed in the makeup of microflora on the skin of the /102
subject related basically to the action of the bactericidal agent
of the clothing on the microorganism.
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The total number of microbes on portions of the integument
covered by clothing and not covered by clothing increased. However,
this increase was less pronounced than in the first experiment.

By the end of the experiment, a lowering was observed in the amount
of staphylococci bearing signs of pathogenesis and resistance to
biomycin and levomicetin.

Microbe contamination of the oral and pharyngeal cavity of the
subjects in the second experiment, just as in the first, was markedly
increased.

As is well known, phagocytosis is one of the more characteris-
tic indices of nonspecific immunity, inseparably connected with
general and immunological reactivity of the organism (I.I. Nechni-
kov, 1950; V.M. Berman and E.M. Slavskaya, 1959, et al.).

Lately, the phagocytic reaction has been broadly used for eval-
uation of the influence of various factors of the external environ-
ment on the human organism (V.K. Navrotskily, 1957; A.I. Pakhmoychev,
1960; A.F. Stoyanovskiy and T.V. Rasskov, 1961, et al.). The in-

vestigation of phagoeytic activ-

w 80k ity of neutrophils of the blood
B 160l A . showed that with an increase in /103
80t ./ \///’\ B the length of the subjects' stay
&1 - N JA in the chamber, a lowering of
&&W ad \ phagocytic reaction (Fig. 7)
g ) y . C took place.
o, 80t ) -
A \&/, As seen in Figure 7, on
w b - the 13th day of the experiment
20t h the percent of phagocytosis
P ! ! 1 . dropped for all subjects by
4 7013 1¢ Days after 15-18.8% in comparison with the
Days of experiment Experirent baseline level. Moreover, with
two of the subjects (I. and S.),
Fig. 7. Phagocytic Activity of simultaneous with lowering of
Neutrophils in the Blood of the the phagocytic activity of
Subjects. A - Subject I.3 B - neutrophils, a diminishing in-
Subject M.; C- Subject S. tensity of phagocytosis (phago-
cytic index) was observed (Fig.
8). Thus, for example, before the experiment the phagocytic index

cf the subject equals 1.27-1.47 and on the 10th day and 13th day of
experiments it was, respectively, 0.6 and 0.4-0.7; i.e., it dropped
by 2-3.6 times in comparison with the baseline level.

The lysozyme activity in the saliva of the subjects dropped
steadily for the duration of the experiment (Fig. 9). At the end
of the experiment the titer of lysozme from all subjects dropped ap-
proximately 10-20 times. A day after leaving the chamber, a rise
in lysozyme activity was noticed.
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25t Discussion of the Results

B of the Investigations
20
A person's extended /104

g 15 P stay in a hermetically seal-
2 \/ﬁ ed chamber of limited vol-
ﬁla ume takes place under living

‘ conditions which are greatly

= different from those to
as Days which he 1s accustomed. The
, __after the basi? dis?inguishing property
p w0 13 1€ experiment consists in that when a man

is placed in a sealed cham-
ber, the air environment is
polluted by means of chemi-
cal substances and micro-
organisms, in which the
processes of human life ac-
tivity show definite depen-

Days of the experiment

Fig. 8. Intensity of Phagocytic
Reaction.
A-Subject I.; B-Subject M.:
C-Subject S.

ME dency on these environmental
N changes. A man under these
S er e conditions becomes a basic
= gt .

St causative agent of these
ok - changes in the environment.
oo o
058— o . .
> 7| U_E A characteristic pro-
IR g8 perty of habitation in a
Hoast o & hermetically sealed place
e A é'ﬁiﬁ o is likewise that a man under-
) ; :
Days from'the beginning g g:ﬁ goes the simultaneous action
of the| experiment <& of a complex of Pnfavor§ble
® o factors. In addition, it

must be noted that the simul-
taneous action of many fac-
tors, despite low intensity,
can elicit definite changes
in the functional status of a human organism. Thus, according to
data of many investigators (R.I. Sklyanskaya, Touy, et al.), high
alr temperature strengthens the permeability and absorbability of
the carbon monoxide in the air and promotes its effect. The fact

is also well known that the accumulative action of several toxic
substances elicits, in a number of circumstances, a greater effect
than that which would be defined by the simple sum of the effects

of each of them individually.

Fig. 9. Dynamic Lysozyme Activity.
Vertical Lines Indicate Individual
Indices of Lysozyme in the Saliva.

Constant exposure to such an environment of habitation cannot
be without serious consequence for the human organism. As a con-
sequence of this, 1t is possible for a unique accumulation of
pPhysical effects to appear, as was observed in our investigations,
when the worsening of the functional condition of many systems be-
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came dependent upon the length of the experiment. The established
regular loss took place during the execution of the two experiments
described above, in which the influence of various regimens of work
and rest on the human organism was studied. In addition, the ob-
served changes in the condition of the organic systems and functions
of the subjects were characteristic for any human occupation in a
hermetically sealed chamber, and primarily caused general asthenia
to develop.

A basic index of the status of the human organism, under the /105

given conditions of habitation, is an evaluation of the functional
condition of the central nervous system, permitting one to character-
ize the complex processes of adaptation to unusual conditions of
existence and to trace the restructuring of activity of the cerebral
cortex to a mnew functiomnal level.

As was established in numerous experiments, the changes on the
part of the higher nervous activity during a person's stay in her-
metically sealed place of limited volume, characterized by a basic
weakening both of the excitatory as well as of the inhibitory pro-
cess where they are predominant, include the worsening of internal
inhibition. A change in indices of psychic activity, such as the
time for completion of correction tests, latent response time in
association experiments, evidently also can attest to worsening
mobility of nervous processes.

Results of investigations of neuromuscular activity indicated
that a stay under the conditions of a hermetically sealed place
elicits characteristic deviations of the neuromuscular apparatus:
worsening of the indices of capacity for work, lowering of muscular
strength, worsening and lessening in muscular tone and worsening of
Precision of movement.

The changes which have been noted, especially the lowering in
the capacity for work, evidence a diminishing of the reserve
capacity of the organism. The causes for the observed changes are
basically changes in the central link of the motor analysor of the
cerebral cortex.

The functional status of the cardiovascular system of the sub-
jects in the experiments also changes. Noted in both experiments
was a lowering of the maximum arterial pressure and a diminishing
of pulse rate, an increase in the P interval and a rise in the
Pulse rate propagation speed. The indicated changes in hemody-
namics appear to be typical for periods of human occupation of
hermetically sealed places of limited volume.

During the time of occupancy, subjects in hermetically sealed
chambers showed an increase in the microbe spore formation on the
skin and mucous membrane. An increase in the usual number of
microbes on the integuments was accompanied by a rise in the number
of bacteria bearing specific signs of pathogenesis. The quantity
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of microorganisms capable of lysing erythrocytes from human and
rabbit blood increased. These microorganisms could grow on a bouil-
lon medium and they incorporate mannitol while forming hyaluronidase.

The cause leading to collective and qualitative changes in the
autoflora can be considered as a lowering of a person's immunobio-
logical reactivity.

Thus, as becomes apparent from the above given data, during
the period of a person's stay in a hermetically sealed chamber of
limited volume, pathological changes in the condition of his organ-
ism are not observed. The simultaneous and uninterrupted action of
unfavorable factors combined with their small intensity create
conditions for the appearance of a cumulative effect, which occasions
the development of a unique reaction of the organism in response
to the action of an entire complex of unfavorable factors.

Change in regimen during the second experiment (the introduc-
tion of an 18-hour daily cycle) elicited a strengthening of the
manifestation of changes in functional conditions of various systems

of the organism of the subjects.
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THE INFLUENCE OF A CHANGE IN REGIMEN OF THE DAILY ACTIVITY
ON THE HUMAN ORGANISM UNDER CONDITIONS OF ISOLATION

V.I. Myasnikov

ABSTRACT: A number of experiments were conducted
in which men were isolated in a soundproof cham-
ber for extended periods of time. The regimens

of work and rest which the subjects followed

were varied. The results of these investigations,
particularly the psychophysical effects on the
organism, are presented.

The development of principles and methods for the rational /107
organization ofaregimen of daily activity for astronauts 1s one of
the leading concerns in the practice of space medicine. In the
opinion of several authors (B.F. Alyakrinskiy, 1966,et al.), the
successful solving of this question is impossible without taking
into account conditions such as the constructive properties of the
cabin of the space ship and of work areas, the characteristics
of activity, the number of crew members, etc. However,
in our opinion an enumeration of conditions will be incomplete if
it does not take into account the characteristics of a person's
life activity from the point of view of his daily stereotypein time
and of his emotional development, which has been worked out and
strengthened 1in the process. It is known that the human organism
has limited reserves at its disposal for the process of restruc-
turing the physiological cycle of waking and sleeping in relation-
ship to both time and the preservation of strength of the conditions
of homeostasis, in the broadest sense of the word. It has been
shown that, in the first place, restructuring does not take place
instantaneously: the time demanded for this is from 1 to 2 weeks
(0.P. Shcherbakova, 1949; A. Emme, 1962, et al). In the second
place, it is connected with definite functional disturbances, which
are expressed by feelings of hunger, drowsiness, insomnia, etc.
(Strughold, 1965). The latter is more pronounced in elderly persons
and also depends on the characteristics of the new regimen of work
and rest. Hauty (1916), studying the capacity for work of radar
station operators, explained that the restructuring of usual regimen
in small increments, frequently alternating periods of waking and
sleeping during the course of the day, brought about a lowering of
the work capacity and the development of sleepiness during periods
of "service" wakefulness. The author does not give any physiologi-
cal basis for the phenomena noted, except for references to the
fact of change in the usual life pattern.

Regarding the insufficient progress in solving the problem of /108
work and rest relative to the task of space flight, experiments
were carried out for studying the influence of various regimens of
daily activity on the functional status of the organism under
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the conditions of isolation.

We carried out a number of investigations lasting 10-15 days
in a specially equipped chamber (soundproof chamber) with the par-
ticipation of healthy men, ages 23-25 years. The chamber was
equipped with special apparatus and instruments comprising a sys-
tem for the introduction of stimuli and for the collection of in-
formation from the chamber, information which characterized the
functional condition of the organism and the work of the life sup-
pert systems.

The basic circumstances of the investigation--standard isola-
tion of the subject--provided: for isolation, a lack of two-way
speech communication, and practically complete isolation from ex-
ternal sources of light, sound effects and other stimuli. A one-
way communication connection from the subject to the experimentor
was limited according to a programmed time of transmission.

The activity of the subjects during the period of investigation
was strictly regimented by a daily schedule which included: perform-
ing experimental psychological tests and assignments, recording and
evaluating instrument readings, using work apparatus, relaying
reports, breaks for recording physiological functions (putting on
electrodes, measurements of interelectrode resistance, etc.),
taking care of personal hygiene needs, preparing food, etc.

Various regimens of daily activity were used in the experi-
ment (Fig. 10): normal (work by day, sleep by night); altered or
shifted (work by night, sleep by day); and broken up or fractional,
with numerous alternations of periods of waking and sleeping during
the course of the day.

The duration of sleep in all experiments was 9 hours.

Evaluation of the functional status of the subject was made
using a combination of the following:

(1) data from the observation of behavior and emotional reaction;

(2) the dynamics of bioelectric activity in the cerebral cortex;

(3) the results of the determination of speed of motor reaction
response;

(4) on the basis of factual completion of experimental psycho-
logical tasks (tests on soundproofing, worked out by F.D.
Gorbov and L.D. Chaynova, 1959).

Evaluation of individual behavioral characteristics is made on
the basis of visual data and observation by means of television and
filming the subjects, in combination with the results of all other
methods of investigation. This permitted not only a more complete
characterization of such main points in the daily rhythm as falling
asleep and waking, but also judging the adequacy of behavior in per-
iods of extended experiments on isolation.

Biopotentials of the brain were registered from symmetrical
portions of the brain with bipolar leads (forehead-temple). Four
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electrodes and silver wires 7-8 mm in diameter, wrapped in gauze
and moistened in a physiological solution with addition of a special

Nermal Shifted Broken up paste were used. A record of the
regimen vregimen regimen biopotentials was made on an 8-
0 0 U channel recording electroencepha-

lograph, "Al'var", At time of
recording, the subject sat in a
chair in darkness with his eyes
closed. A light stimulus (flash-

2 12 ing light at a frequency of

[dwaking BASleeping 9-11 pulses per second and a
duration of 5 seconds each) was

Fig. 10. Scheme of Regimens given with a photostimulator,
of Daily Activity of Subjects situated 60-80 cm from the eyes
in Experiments With Isclation. of the subject. During the pre-

sentation of the light stimulus
the subject opened his eyes,and on completion he closed them.

The basis of the investigation of the speed of motor reaction /110
response was the method of definition of the latent period of re-
action to the simultaneous registration of an electromyogram (EMG)
from the flexor digitorum profundus of the right hand; the demanta
galvanic reflex (dgr) according to the method of Tarkhankova--the
difference in potentials between the palmar and dorsal surfaces of
the left hand; electroencephalogram (EEG) from symmetrical portions
of the head with bipolar (forehead-temple) leads. As a means of
stimulus, a short series of light pulses was used. Investigations
were carried out repeatedly at intervals of 20-30 seconds. Closing
the hand was motor response reaction.

In order to study resistance to distraction, work with number
selection according to given program was performed. For this they
used square tables with numbers colored black (from 1 - 25) and
red (from 1 - 24), distributed in random combinations, thus exclud-
ing the possibility of memorization. (Calculation operation, at
the basis of the program,consisted in combining a natural series of
numbers in ascending and descending order.) Responses were recorded
uninterruptedly on a magnetic tape. Data on the factual responses
of the subjects were expressed in graphs, which appeared as two
columns of numbers (in the order of response from top to bottom) in
order to visualize the investigated data in the upper and lower part
at a distance proportional to the numerical difference between the
numbers of the corresponding pair, in such a way that a number of
the black and red rows with the least difference (12-13) immediately
adjoined one another. The time lapse between responses was
placed on a fixed scale opposite the corresponding numbers.

Investigation showed that "a distortion" of the usual life
order (a transition from one rhythm of sleep to another) against
the background of extended isolation had a definite influence on
the organism, leading in some circumstances to the appearance of
fatigue.
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As has been explained, there was less fatigue during the normal
daily regimen of activity than with a broken up or shifted regimen.
In addition, the impression of insufficient rest was created for
the time which had been devoted to sleep, which led to gradual
growth of fatigue. The latter was characterized by the onset,
beginning on the 5-7th day of the experiment, of a sensation of /111
physical fatigue.

The subjects demonstrated a need for conversation and for in-
creasing communications with the experimentor, which is shown by
structuring the reports in question form, by requests for the cor-
rect time, and by the inclusion in reports of "extraneous” words and
expressions which had not been specified in the instructions and

which contained a direct relationship to the experimentor. At this
time, there were periods lasting to 20-30 minutes when the subjects
sat idle with an absent look on their faces. While reading books,

it could be seen that they quickly glanced over the text, mechanic-
ally turning the pages; they continued reading for a short time,
sometimes not even trying to find the place in the book where they
had stopped earlier.

Observations of the personal conduct of subjects in the experi-
ment with the broken up and especially the shifted regimen showed
the development of a sleepy condition during the periods of wake-
fulness at the time of breaks, when they were free from the demand
to complete physiological and experimentally psychological tasks.

The development of sleepiness in periods not demanding active
attention arose, evidently the consequence of the "falling off of
masses of stimuli, which usually enter the cerebral hemisphere"
(I.N. Sechenov, 1963), and the change in the usual regimen of daily
activity led to the development of these conditions.

The development of this sleepy condition in periods of wake-
fulness influenced the quality of sleep. It became shallow; for
a long time the subject could not fall asleep, and if he did fall
asleep, then often he lost the ability to wake up independently at
the given time.

The feeling of fatigue is accompanied by a lowering in the
quality of the completion of the psychological test and
by an entire complex of changes on the electroencephalograms. The
character of these changes was closely connected with the regimen
of daily activity. For example, the bicelectrical activity of the
brain of subjects on the usual regimen of activity, 60% of the time,
was characterized by a lowering in the amplitude of alpha rhythm on
the original EEG curve. In experiments with the shifted rhythm
from the 2nd-5th day, on the EEG a lowering of amplitudes of the bio-
potentials and instances of diffuse slow waves were noted. The alphe
rhythm index in experiments with normal regimen of daily activity
changed insignificantly, lowering toward the end of the experiment /112
by 2-15% of the original level. In experiments with a shifted
regimen, the alpha rhythm index lowered more significantly; by 13-33%
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in the first days, by
day of the experiment

61~-90%

(v.I.

Myasnikov,

on the 5th and 82-99%

1964) (Fig.

on the 10th-15th

11).

Seventy-five

% of the changes in the bioelec-

trical activity of the brain in
1001 subjects on a broken up Tregimen
Ed@ were analagous to the changes in
ﬁd@ the biopotential of the brain in
fim subjects on the usual regimen,

v and only 25% were similar to the
gug dynamics of bicelectrical activity
ﬂtg characteristic of a ghifted
o regimen. The index of alpha rhy-

[} ] 1 1 1 1 1 L] 1 L1 1 1

thm toward the end of the experi-
ment lowered by 17-51%.

dot 2 0 ¢« 567 8 3910112131615
Day of experiment

A study of the residual reac-
tions of the EEG of the subject
showed a rise iIn bursts of alpha
rhythm as a result of the rhythmic
l1ight stimulus in 71% of the cases.

Fig. 11. Changes in the Index
of Alpha Rhythm on EEG of Sub-
jects Under Various Regimens
of Daily Activity.

T : gﬁ;?:idREng;n’ Sgbg: Lé Analysis of the residual reactions
— = 5 gimen, Su J. = from the point of view of duration
=--- = Broken Up Regimen, Subj.G. showed that the duration

of flow,
of the alpha rhythm exaltation
depended upon the regimen of daily activity taken in the exXperiment.
Particularly on the part of the subjects in experiments with a
shifted regimen, alpha rhythm exaltation became longer in accordance
with the length of stay under the conditions of isolation (Fig. 12),
acquiring on the 6th-7th day a depressed nature which could be in-
terrupted only by a subsequent stimulus (V.I. Myasnikov, 1963). /113
While studying problems of the electroencephalography of sleep, P.I.
Gulyayev (1955) noted a qualitative difference in the course of re-
sidual reactions among people during sleep and differing manifesta-
tions of fatigue. Analyzing the data which we received from this
point of view, we came to the conclusion that expressivity and dura-
tion of the passage of alpha rhythm exaltation in various subjects
was unequal and connected with the peculiarities of functional
changes. Among subjects, the manifestations of fatigue, exaltation of
alpha rhythm was of a depressed nature, just as with people showing
pronounced drowsiness. Residual reactions were noted in the form of

a burst of exalted alpha rhythm (Fig. 13) of short duration (not more
than 10 seconds). Investigations showed also that changes in the bi-
oelectrical activity of the brain, after the exclusion of light stim-
uli, began with varying speeds: exaltation of the alpha rhythm in
subjects with the onset of drowsiness appeared only after repeated
presentation of light stimulus (Fig. 14).

é varied expressivity in the length of the passage of residual
reactions is connected, evidently, with the characteristics of the
functional changes in the central nervous system, which has been
dictated by a sleepy condition in some circumstances and by the
onset of fatigue in others. Not stopping to analyze the qualitative
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differences between these conditions, it 1s necessary to say that

the depressed character of exaltation on the background of a dif-
fuse flow of waves and the lowering of biopotential amplitudes,
reflecting the complex restructuring of the cortical functions
accordlng to the parameters of lability and excitation, was evaluated
as a sign characteristic of fatigue. On the other hand, brief
flashes of synchronized and exalted alpha rhythms in subjects
exhibiting pronounced drowsiness was more characteristic for

a diffuse inhibition is a result of a sleepy condition. This same
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Fig. 12. Dynamics of Prolongation of Residual Reactions on the EEG of
Subjects in Isolation With a Shifted Regimen of Daily Activity.

(1) EEG Forehead-Temple, Right; (2) EEG Forehead-Temple, Left; (3)
Mark of Stimulus; (A) Prolongation of Exaltation of Alpha-Rhythm

on 5th Day of Experiment; (B) The Same on 12th Day

condition indicates +that among these subjects, +the pulse

of alpha rhythm exgltation arose often only after repeated presen-
tation of light stimulus, which is the result of stimulus accumula-
tion and indicates a lowering of the functional mobility of cortical
neurons.

Investigations of the speed of the motor reaction response
(V.I. Myasnikov, 1964) showed that on subjects in experiments with
the broken up and with the normal regimens of dailv activitv
analogous results were obtained; i.e., a decrease in the time of
a latent reaction périod toward the end of the experiment, corres-
ponding to from 0.4 to 0.30 and from 0.56 to 0.38 seconds. A de-
crease of response reaction of the latent period toward the end of
the experiment indicated the fact of becoming trained to the test
itself with a subsequent automatization of a motor habit. The
significance of training and the lessening of time for response
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Fig. 13. Dynamics of Prolongation of Resjdusl Reaction of the EEG of
Subject G. in Isolation With Shifted Regimen of Daily Activity.(l)
EEG, Forehead-Temple, Rights; (2) EEG,Forehead Temple, Left; (3) Mark
of Stimulus: (A) Prolongation of Exaltation of Alpha Rhythm on the
4th Day of the Experiment; (B) The Same on the 7th Day; (C) The
Same on the 10th Day.
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Fig. 14. Effect of Accumulation of Stimulus on EEG of Subject N,
(1) EEG, Forehead-Temple, Right; (2) EEG, Forehead-Temple, Left;(3]
Mark of Stimulus: (A) Residml Reaction on First Presentation of Light
Stlmulus,(B) The Same on the Second Presentation; (C) The Same on
the Third Presentation.
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reaction was indicated earlier (A.V, Chapek, 1956; N.N. Gurovskiy,
1957, et al.). With a shifted daily activity regimen, the latent /117
period of motor response reaction, by the end of the experiment
increased from 0.33 to 0.46 seconds (Fig. 15). An increase in the
latent period was elicited probably by the onset of fatigue, the
first signs of which appeared together with the development in the
central system of inhibition processes (according to data elec-
troencephalograph investigations). The fact of the appearance of
fatigue as a result of the increase in time of the motor response
reaction was noted in the investigations of other authors (A.N.
Krestovnikov, 1954; 0.G. Gazenko, 1955; E.I. Boyko, 1961, et al.).
The investigation of freedom from interference testifies to the

same fact., The level of freedom from interference allowed to the
subjects in experiments with a shifted regimen of daily activity

was lowered at the end of the experiments here. For analysis of

the work with the number table, a great quantity "of releases of
inhibition of differentiations" in relationship both to the calcula-
tion and to the correct indication of answer was seen (they gave the

glack number instead of the red and vice versa). In addition,
these subjects showed a strain in posture, mimicking and a great
number of searching movements. The middle stage of work with the

black and red tables appeared to be the most difficult for differen-
tiation, where the number of similar stimuli sharply increased be-
cause of the repetition of ones, twos and threes (F.D. Gorbov,

L.D. Cheynova, 1959). Investigations of resistance to distraction

were accompanied by an increase in the general time taken for work /118
with the number table, and by a number of various errors (extraneous
answers, illustrations, divergence and convergence of series, perse-
veration of figures, etc.) (Fig. 16). Despite the fact that the re-
ceived data showed a certain difference
between quantitative and qualitative

mVsec expressions, the threshold level of
gﬁ* distracting interference.
: \
gz: \ Fig. 15. Curve of the Latent Period
0J8F \ / Motor Response Reactions in the Sub-
gf: \/ jects Under the Conditions of Isola-
232t tion With Various Regimens of Daily
0J0F Activity. Mean Arithmetical Latent
azsr Period: Solid Line - Changes Under
22: Normal Regimen; Dotted Line - The
022k Same Under Shifted Regimen.
0'20_ 1 1 1 i 1 ) 1 11 1 I3 1 i L1
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Days of theexperiment lowered toward the end of the experi-

ments with a shifted regimen. This
lowering was connected with the onset of fatigue, to which the data
from encephalographic investigations bore witness, as did an increase
in the time of response motor reactions. In experiments with a
broken up regimen, the quality of work with the black-red tables
also decreased toward the end of the investigation. This was
expressed in errors in various sections of the work with the number

98



tables (Fig. 17). It is necessary to note that errors by the sub-
ject on the broken up regimen of daily activity is encountered
more often than usual, but more seldom than with a shifted regimen.
As far as the character of mistakes is concerned, in no way does

it differ from those described above, and there was no tendency
toward repetition. Thus, if one considers that frequency of mis-

Speech
interference

Fig. 16. Results of Work With Black-Red Tables in the Subject S
(Shifted Regimen of Daily Activity) on the 10th Day of Experiment.
Black Squares - Black Row of Numbers; Light Squares - Red Row of
Numbers; Broken Line - Inter-Response Intervals of Time.

takes and their character appear as an objective expression of the
level of the resistance to distraction then the latter was lower
in the experiments with the broken regimen than on the normal
regimen, but higher with the shifted regimen (Fig. 18). Results

of the work of K.M. Bykov and A.D. Slonim (1949), E.I. Brandt and
0.I. Margolina (1949-1954) showed that the problem in the preser-
vation of work capacity during nocturnal occupations was
inseparably connected with the daily rhythm of physiological func-
tions. A.D. Slonim and O0.P. Shcherbakova (1935) asserted that un-
favorable subjective perception during night shifts was conditioned
by the necessity of performing work on a background of lowered
excitability of autonomic centers. Speclially undertaken electro-
Physiological investigations of the functional condition of the
central nervous system, by means of the curves of the biocelectrical
reaction, showed that an extended stay of subjects under conditions
of isolation with a shifted regimen of daily activity brought forth
a lowering of excitability and reaction of the cerebral cortex: re-
structuring of bioelectrical activity to light stimuli was noted
before the experiment (fifth to sixth second) and at the end of

the investigation; restructuring of biopotential also appeared

99

/119



Speech
interference

Fig. 17. Results of Subject G's Work With Black and Red Tables on
the 10th Day of the Experiment (Broken Regimen of Daily Activ-
ity). Designations as in Fig. 16.

interference

Fig. 18. Results of Subject B's Work in Black and Red Tables on
the 10th Day of the Experiment (Usual Regimen). Designations as in

Fig. 16.

(tenth to twelfth second). Distinect reactions were registered /121
only during the first recording; during the second and third they
weakened or completely disappeared (Fig. 19). The data obtained
attested to the fact that in experiments with isolation the subjects
underwent not only the action of limitation of external afferenta-

tion and monotony of circumstances but also a regimen of daily

activity influencing the neuropsychic sphere.
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This circumstance can be taken into consideration for recom-

mendations on structuring the astronautical day. For the organiza-
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Fig. 19. Change in Excitability of the Cerebral Cortex in Subjects
in Experiments in Isolation (Shifted Regimen of Daily Activity).

tion of a regimen of daily activity, it is necessary to consider, /122
aside from the tasks which are presented by the flight, the char-
acteristics of the environment and of the work area.

Uniformity and monotony of circumstances and weightlessness
will cause sleepiness to develop. A transition from waking to
sleeping, according to the study of I.P, Pavlov, is concluded after
a series of hypnotic phases, which can be observed even during
shallow sleep. In a series of phase conditions, for example during
the so-called paradoxical phase, the sensitivity of the nerve cells
rises to the action of very weak stimuli traces of formerly acquired
impressions. They can be experienced by the astronaut as vivid
dreams or can have the characteristic of eidetic images, externally
similar to hallucinations. A characteristic property of eidetic
images, as was shown by experiments in isolation, is that they are
accompanied by a great number of associations and emotional re-
actions which are expressed in the reliving of joy, vexation,
hostility, etc. (V.I. Myasnikov, 1963). As an example we can give
the description of the eidetic ideas in subject D, during isolation
experiments. '

"So how do I feel? At times satisfied and at times melancholy.
Some kind of internal wariness, which shows itself in that I'm
always listening. Also, familiar melodies come to mind. Sometimes
they come into my ears against my will. I hear the preludes of
Rachmaninoff, Brahms, Ravel (Concerto for Violin and Orchestra)
and of course the mighty Beethoven. Such clear Beethoven I've never
heard before. Sometimes I lie down in the morning and I get up lazy,
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and in my ears there is Beethoven's Ninth Symphony. Inexpressible
joy.

"Listening to Rachmaninoff, suddenly I distinctly saw the whole
surroundings -of the great hall of the conservatory, and I even hear
the voice of the Mistress of Ceremonies. Operas go even better - /123
favorite arias and romances - and all of a sudden I imagine a vio-~
lent dust storm that whirls chords and trivial fragments of a
medley from the dance verand s of resorts. Frankly, they pursue
me. There 1is one salvation from them--I begin to listen to what
ever noise I can in the room-~and all sound of music inside of me
ceases."

Based upon the "inertia of neuroexcitation", these complex
psychophysiological phenomena do not by themselves reflect any path-
ology, and are often encountered in children and more seldom in adults
(Jensch, 19273 M.M, Cononova, 1929, 19343 L. Veygogskiy, 1930, et
al.). In usual circumstances being subliminal, under conditions of
silence and monotony they are produced completely spontaneously,
but emoticrnal tension, connected with a prolongation of the action
of the indicated factors, made these impressions perceptible and
externally similar to hallucinations.

Development of sleepiness and, as consequence of this, develop-
ment of hypnagogic hallucinations or of eidetic images, can lead to
lowering of the psychophysiological capacities of members of the
crew from the point of view of rational distribution of attention
and observations of instruments and of ships apparatus, of swift-
ness and precision in performing work operations and operating a
ship in outer space.

Among the means of preventing the developmenf of sleepy condi-
tions and their consequences are the following:

rational construction of the interior of the cabin of the
spaceship: the interior of the ¢abin, including in a stylized and
generalized way a usual (terrestrial) environment, must act upon
the psyche of the astronaut and be a means of association for forming
necessary emotional background (V.V, Zefel'd, 1964);

creation in the cabin of various sources of "impressions": the
interior of the cabin controlled from Earth, listening to tape
recordings of various musical productions, watching films, etc.

The possibility of the development of emergency situations in
space flight can elicit from people morbid reactions to such situ-
ations, disturbances, psychic excitation or depression, anxious

thoughts. As a consequence of this there are disturbances of sleep
and, in particular, insomnia. Extended duration and markedness
of insomnia depends not only on the causes but also on individ- /124

ual personality traits. Therefore, insomnia can be conditioned by

102



an insufficiency of sleep in certain circumstances or by its qual-
itative characteristics (depth of sleep, profusion of dreams, dif-
ficulties in falling asleep) in others. Disturbance in the quality
of sleep in similar circumstances will lead to the onset of fatigue,
with a consequent lowering of the capacity for work in crew members.
Pathogenetic therapy must be reduced to soporific and neuropsy-
chological preparations, tranquilizers, and ataractics.

Analysis of experimental data received in isolation under
various regimens of daily activity permitted comparing the results
of the investigation with each other and drawing several conclusions
relative to possible functional deviations in the neuropsychic sphere
of astronauts. This im turn defines a means of approach to solving
the problem of prolonged preservation of a high capacity for work
in the c¢rew members of the spaceship in flight., Finally,
the solution to the problem amounts to development of a rational
regimen of work and rest. In this regard the problem of the oper-
ator's capacity for work can be decided, for example, by means of .
the creation of an artificial regimen of daily activity on the ship.

The possibility of the application of such a regimen of daily
activity relies in part on necessity of the control of sleep in
depth and prolongation. At the present time, this question has not
been finally solved. However, regardless of the means (application
of pharmacological preparations of directed effect or with the
aid of electricity and radio), controlled sleep will permit the swift
mobilization of the organism for performing the tasks assigned in
advance by the flight program (awakening at a given time, and a
rapid beginning of work activity), and a swift waking and falling
asleep will be possible in periods not connected with steering the
spaceship or concluding special investigations preassigned by the
flight program.
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THE CAPACITY FOR WORK AND THE CONDITION OF HIGHER NERVOUS
ACTIVITY UNDER VARIOUS LIFE REGIMENS

M. A. Gerd

ABSTRACT: The results of various tests of men-
tal and physical reflexes during a two-week
experiment with three subjects are presented.
Round-the-clock watches were established and
results are given presenting comparisons of
responses of subjects according to the shifts
worked.

The present essay presents the results of the study of the /126
human organism's process of adaptation to life according to several
variants of regimen. An experiment was carried out simulating
several conditions of a space ship with a crew of three peocple
whose assignments were organized to cover all aspects of the
necessary work, in particular the round-the-clock watch.

It is possible to assume that restructuring of the daily
periodicity of sleeping and waking, which was established by evolu-
tion, depends on a number of causes and, to a certain degree, on
how quickly during the experiment the sleep of the subject nor-
malizes and how quickly restructuring of their life activities
for productive wakefulness at night proceeds. Written and
oral interrogations were carried out in order to characterize
sleep and wakefulness. The intellectual capacity for work in the
experimental period was evaluated with the aid of a number of
methods. Investigations using various methods were carried out
during the first and second watch from the moment of awakening:
consequently in the night, in the morning, in the daytime and in
the evening period of the astronomical day. By means of a written
account, subjects were directed to write out the multiplication
of three-digit numbers and to orally recite the mental multiplica-
tion of two-digit numbers (examples were selected on the basis
of equal difficulty). At the time of one investigation, the
subjects solved 10-20 examples, which permitted elaborating the
obtained data by means of variation statistics and presenting
them in the form of mean arithmatic values, indicating the mean
number of mistakes and mean quadratic deviations.

In an association test, during 2-3 minutes at 10-15 second
intervals, the experimentors called out to the subjects 20
words--nouns signifying objects of common occurrence not having
any logical interrelationship. The subject had to respond, with-
out pausing, with the first word that came to mind. The reaction
speed was considered and the quality of the oral response was
evaluated.
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In order to study operations demanding coordination of the /127

fine movements of the hand, the subjects were presented the task
of fastening parts with bolts and nuts. They had to complete 70
operations at a fast tempo, each operation consisting of 5 stages:
to take the bolt from a box, place it in the opening, take out a
nut, put it on the bolt and tighten it. Chronometric observations
permitted recording the times for completion of each operation,
mistakes and the types of mistakes.

The character of the subjects' higher nervous activities was
defined before the experiment and immediately after its end. The
force of the prucesses of excitation and inhibition, their dynamicity
and the predominance of one process over another were investigated
with the aid of the methods of V. D. Nebylitsyn (1961).

The magnitude of the preliminary EEG reflex in response to a
5-second exposure to sound at a frequency of 200 imp/sec was de-
termined. The amount of alpha rhythm depression (in seconds)
changed with the first, second and third presentation of sound.
They registered the speed of disappearance of alpha rhythm depres-
sion with the repetition of the sound (to a preliminary and full
increase), that is, the alpha rhythm depression was absent three
times. A conditioned refliex to a sound of 200 imp/sec in frequency
was developed by means of a simple (light) reinforcement, and also
a conditioned reflex to the same sound with an activating rein-
forcement, for which a 10 second exposure of photographs was used
(as an index of expressivity of conditioned EEG reflex, the amount
of alpha rhythm depression in seconds upon the presentation of an
isolated sound was used). The development of differentiation was
carried out. An intermittent sound at a frequency of 100 imp/sec
was used as a differentiating stimulus presented after 2-5 combina-
tions of sound at a frequency of 200 imp/sec with an activating
reinforcement (as an index of the process of development of dif-
ferentiation, a number of combinations was used until the first of
three instances of the disappearance of alpha rhythm was received)

The study of emotional tension immediately after the experi-
ment was carried out with the aid of a special boom 4 cm wide
and 2.5 m long, which was located at a height of 4 cm from the /128
floor. The subject had to walk along this apparatus in time with
a metronome at a speed of 2 paces per second (the length of one
pace is 45-50 cem). The loss of balance (wavering and staggering)
was measured, and with the aid of an electrocardiograph the pulse
rate, breathing and the general speed of travel along the boom (in
seconds) were recorded. The degree of emotional tension was de-
tected by raising the boom to a height of 40 and 70 cm from the
floor.

Preliminary experiments gave the following results: significant
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increase in cardiac systole; holding the breath; and changes in the
speed of walking which arose when the subject was afraid to go along
the boom. The condition of emotional tension had a negative in-
fluence on the coordination of movements. A worsening of emotional
tension in turn strengthened the feeling of stress and fear in
moving along a narrow boom at a relatively great height.

Therefore conditions of the coordination of movement also
were used as an index of emotional tension.

Results of the above given experiment showed the following:
in subject LI, who slept by night and remained awake by day,
sleep was normal: he fell asleep relatively quickly and sleep
proceeded without dreams.

In the waking period the subject felt well enough in the
first half of the experiment. At the end of the experiment, he
began to complain about the appearance of fatigue and general
sluggishness; easily performed aspects of activity began to
demand willpower; the desire to be occupied with scientific
material diminished; and weak noises and slight maladjustments
irritated him. L. I. explained the appearance of these phenomena
as due to the extended stay in the chamber.

The speed of completion of intellectual operations at the
time of first and second watches during the experiment fluctuated
insignificantly. Some statistically unverifiable retardation
was noted only at the very end of the experiment {(a natural slow-
ing down in the written count was registered on the 13th day
in the first watchlh During the experiment, the subjects per-
formed separate intellectual operations. They had approximately /129
uniform speed, and only at the end of the experiment did a great
inequality appear in the speed of arithmetic operations: LI
solved some problems relatively quickly and the others unusually
slowly. Under statistical analysis of the received data this
was reflected in various amounts of deviation from the mean
arithmetic value.

After the end of the experiment, L.L worked swiftly and made,
for him, an uncharacteristically large number of errors. In the
conduct of the subject an unusual talkativeness was noted, and
his movements were less precise.

Investigation by electroencephalograph carried out 20 minutes
after the end of the experiment showed an increase (2.3 times) of
alpha rhythm depression upon the first presentation of sound.

The process of primary extinction of 'orientational" reactions took

place more quickly (1.5 times) than before the experiment. How-
ever full extinction (up to the absence of alpha rhythm depression
for 3 times in succession) could not be reached. Conditioned

alpha rhythm depression was developed by means of a greater
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use of the combination of sound with light (2.9 times more than
before the experiment). The amount of conditioned alpha rhythm
depression with a simple and activating reinforcement after the
experiment was markedly decreased (corresponding to 2.1 and 2.4
times), and beginning with the sixth presentation of stimulus (with
simple reinforcements) and with the eighth (with activating rein-
forcements), alpha rhythm depression disappeared. Differentiation
could not be developed because of a lack of conditioned alpha
rhythm depression.

In traversing the boom, a retardation of motion was recorded
(before the experiment, 4.8 seconds; afterwards, 5.2 seconds) and
an increase in the pulse rate was noted (from 75 to 81) along with
retention of breath (an increase in the number of losses of balance)
(Table 15).

The subjects (G.M. and N.S.) who lived according to a regimen
of waking at night and sleeping at an unaccustomed time complained
about poor sleep during the 1-7th days of the experiment: they fell
asleep with difficulty, often awoke during sleep, and after sleep

they did not feel cheerful and rested. After 9-10 days, subject /131
G.M. was able to sleep somewhat better, and after 10-12 days his
sleep normalized. For subject N.S. a sleep was restless right up

to the end of the experiment.

At the time of the watch, according to chronometric data, in
the beginning the subjects often dozed and even slept in the night
and in the early morning hours. On the 10th day, this condition
almost fully ceased.

The data of the investigation which is related to characterizing
condition of wakefulness may be given as the following: at the be-
ginning of the experiment, G.M. and N.,S., completing their assign-
ments during the night hours, complained of sleepiness and a slug-
gishness of intellectual operations connected with it. Upon the
completion of assignments in the day hours, they indicated an ab-
sence of feeling in good shape, sluggishness and sometimes, on the
other hand, tension, which in their opinion was a consequence of
insufficiently good sleep. Beginning with the second half of the
experiment, and especially at the end of it, the subjects noted that
during the night time it became easier to complete difficult opera-
tions than during the day, and it was quieter to work. TFor subjects
G.M. and N.S., a general sluggishness and tension in the completion
of intellectual operations increased with the duration of the ex-

periment. Complaints appeared about quick fatigability, and pro-
nounced negative attitude toward the completion of some assignments
was noted. The subjects explained the general worsening of psy-

chological conditions as a result of the extended stay under the
conditions of the experiment.

The data received in studying the intellectual capacity for
work permitted conclusions to be drawn on the high quality of work
operations. With the association experiments, primitive oral re-
sponses (interjections, repetition of word signals, refusal to re-
spond) almost were nonexistant. The number of mistakes in counting
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TABLE 15
~
Before the EXpP. [ After the Exp.
. 1 Time 2 Times 1 Time 2 Times
Subj. ; : : e
Pulse | Time, | Pulse | Time, | Pulse | Time, |- Pulse | Time,
Rate Sec Rate Sec Rate Sec Rate Sec
Height 4 em from the Floor
G.M. | 79 l 5.7 | — — 115 ‘ 5,8 125 4,8
N.S. 78 6,6 71 | 5,3 I 89 6,3 ‘ 81 5,2
Height 40 em from the Floor
G.M. l 78 I 53 ] 75 57 100 6,6 115 6,0
N.S. 78 59 91 58 l 97 ] 8,0 | 107 l 7.8
Height 70 em from the Floor
G.M. I 8 | 5,5 | . 90 J 5,3 125 8,1 115 8,1
N.S. 93 5.7 99 59 l 115 = it I 105 | ¢ 65
Height 4 em from the Floor
No. of No. of No. of No. of
Hesita gi: Hesita- No: of lHesita- gi: of |Hesita- gi: gf
tions LPS [tions S1ips ltions 1PS ltiomns ip
G.M. l 0 0 l 0 | 0 l 1 l 0 ] 2 [ 0
N.S. 0 0 1 0 3 | 2 0




increased in only one instance (with subject NS in the written /131
count).

The speed of the intellectual operation of subjects GM. and N.S.
in the period of the experiment was markedly slower than before
the experiment. A retardation of reaction speed in the course of
the experiment was observed in the majority of instances; however,
it was not statistically verifiable.

The dynamics of change in speed of intellectual operations
permitted the conclusion to be drawn that the completion of tasks
in the beginning of the experiment was retarded more than in the
latter period of the experiment. In a number of circumstances such
a retardation was specifically verifiable. A comparative analysis
of the speed of all instances of problem solving shows that in the
beginning of the experiments, for the completion of one task the
subjects accomplished arithmetic operations first relatively quickly
and then relatively slowly. Similar inequality in intellectual /132
operation was especlally marked in the work of the subijects during
the night period.

At the end of the experiment, in a number of instances an in-
crease in reaction speed and a disappearance of instances of especi-
ally prolonged completion of separate tasks was recorded (such
dynamics of changes were not observed in the change in speed of the
count of subject N.S. evidently for this subject during the experi-
ment the gradual acceleration of data on intellectual operations
was connected with training).

Analysis of the speed of completion of work operations in the
beginning of the experiment in the first and second watch showed
the following: in the first watch with the combination of two
relatively favorable factors (evening hours and between 4-6 hours
after sleep) subject G.M. completed the task more quickly than in
the second watch. During the middle of the experiment (6-11 days)
in a number of instances G.M. completed the necessary operations U
more quickly in the second watch than in the first. At the end of
the experiment (13th day) the mean reaction time in the first and
second watch was approximately the same.

With subject N.S.in the beginning of the experiment (second and
third day) the speed of reaction in the first watch (by night but
immediately after sleeping) was markedly slower. In addition this
subject, having fulfilled the task, solved separate problems especi-
ally slowly. In the second watch, which took place earlv in the
morning against the background of noticeable fatigue (13-14
hours after sleeping), the reactions speed also was not great.

At the middle and the end of the experiment (6-13 days), the sub-
jects worked faster, sometimes in the first watch and sometimes
in the second watch, and on a number of occasions the speed of
reaction was approximately equal.
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Completion of the task of fastening planks with nuts and bolts
was slow at the beginning of the experiment. The subjects completed
these actions especially slowly at night. During the middle and
at the end of the experiment, the work was completed faster;
moreover, in the first and second watch the subjects worked approxi-

mately with equal speed. Coordination of fine movements of the /133
hand for subject G.M were markedly worsened; toward the end of the
experiment he dropped the nuts and bolts and made extraneous move-
ments.

Right after the end of the experiment, G.M. and N.S. performed
the necessary actions more quickly, but in addition an especially
large number of mistakes were recorded for them. The qualitative
analysis of these mistakes permitted defining them as con-
siderable (the subject forgot the multiplication table, and during
the completion of the associlative experiment, primitive oral re-

sponses appeared).

In addition, the behavior of GM. and NS, in the times of the
observation differed from the usual: the subjects talked aloud
about several groups of assignments, they forgot the results of
their activities, talked to the experimentor, tried to make jokes.
Upon interrogation, G.M and N.S. showed a happy and excited condition.
They said that they worked easily without any tension and did not
feel tired.

Investigation of nervous system reactions by electroencephalo-
graph was carried out only for NS. (GM. was the type of person who
does not raise an alpha rhythm on an EEG).

Forty-five minutes after the end of the experiment, for subject
N.8.no changes in the amount of orientation reaction were shown in
. comparison with similar data obtained before the experiments. How-
ever, on the second and third presentation of sound, i.e., 9 and
14 seconds after the first presentation, the amount of alpha rhythm
depression sharply diminished in comparison with its volume before
the experiment (on the second presentation, by 7 times, and on the
third by 1.8 times). The process of primary extinction of orienta-
tion reaction was realized more quickly (by 2.5 times); however,
a full extinction was not reached until after 25 presentations of
sound, Ctonditioned alpha rhythm depression was developed by a
greater (2.5 times) number of combinations of sound with light
before the experiment. The amount of conditioned alpha rhythm
depression diminished with a simple (3.6 times) and with an acti-
vating reinforcement (2.3 times). Differentiation could not be
worked out. Data (Table 15) received by movement of the subjects
along theboom at various heights, permitted the registration of
greater fluctuations in the speed of passage along the boom then
before the experiment. The movements became irregular; the subject
first ran then began to go very slowly, stopped for a long time and
could not take the next step. Pulse became more frequent, and its /134
increase on the high boom was markedly more significant. In the
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words of subject G.M., traversing the boom at a height began

to elicit greater apprehension than before the experiment. On the

day following the end of the experiment, the speed of reaction was

approximately the same as before the experiment; the number of mis-
takes sharply dropped and the behavior of the subjects did not show

any noticeable deviation.

Materials obtained in the study of the capacity for work of
the first subject (€ .I.), on the regimen of life which consisted of
a sleep time corresponding with the night period of the day, indi-
cated an unerring and swift completion by this subject of the vari-
ous experimental tasks. A certain retardation of reaction at the
end of the experiment evidently was connected with the fatigue
which developed during the course of the experiment and the condi-
tion of general sluggishness. During the course of the experiment,
the absence of retardation of reactions in the second watch, in
comparison to the first watch, witnessed the fact of the preservation
of normal work capacity of the subject in the period of waking.
One of the essential causes determning a good work capacity for L.I.
is good sleep.

Materials obtained in the study of the work capacity of G.M. and
N.S, who were awake in the nighttime, during the early morning and
the late evening hours (under the conditions of sleep in unusual
time of day), indicated the retardation of almost all reactions. This
signifies that an essential change in regimen of life, not influenc-
ing the quality of work, led to a retardation of intellectual oper-
ations.

An especially great retardation in speed of reaction in the
first half of the experiment indicated that a sharp transition from
a normal regimen of 1life to the experimental one significantly re-
flected upon the work capacity of the subject. A worsening of the
processes of sleeping and waking during such a transition evidently
can be viewed as one of the causes of the worsening of work
capacity. In all probability the daily periodicity also played a
certain role, according to which the night time appeared to be more
productive for intellectual operations. Tendencies toward the
normalization of the speed of reactions under the conditions of
improving sleep and the condition of wakefulness evidence the begin-
ning of the process of acclimation.

It is known that the duration of alpha rhythm depression and /135
the orientational reaction can be treated (V.D. Nebylitsyn, 1966)
as an index of the excitory processes. The increase in alpha rhythm
depression which was manifested in one of the subjects permitted
the assumption of a greater intensity of the excitation process
during the first exposure to sound than before the experiment. How-
ever, a swift fall in the amount of orientational reaction after
7-12 seconds (in the first and second presentation of light) indi-
cated a sharp drop in its intensity. A primary extinction of ori-
entational reaction which was swifter than before the experiment
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and, conversely, the retardation of extinction before receiving, for
three times in succession, an absence of alpha rhythm depression,
evidences on the one hand the greater intensity of the inhibitory
process, and on the other the low level of its dynamicity. It is
known that rapid formation of a conditioned reflex is a function
of the excitory process (Ye.N. Sekalov, 1958, et al.), and conse-
quently, if inhibition 1s markedly lower than excitation in a per-
son, his reflexes will form quickly; if inhibition predominates
slowly. Rapidity in the process of EEG reflex development permitted
a conclusion to be drawn about the significant post-experimental
shifts in relation to the processes of excitation and inhibition
on the side of the predominance of excitation. The lessening (in
comparison with the data obtained before the experiment) in the
amount of conditioned reflex and its swift disappearance witness
the exhaustability of the excitation process. The fact that we
did not succeed in developing differentiations, since before the
experiment they were recorded quickly, indicated a weakening of the
inhibitory process; it is known that the speed of the formation of
differentiation, according to the data of N.A. Podkopayev (1954)
and M.I. Mayzel' (1956), is an index of the strength of the
inhibitory process.

Thus the condition of higher nervous activity right after the
experiment was characterized by the predominance of the excitory
process, and in addition the process of excitation was not as strong
as before the experiment: it rose quickly, but having risen was
swiftly extinguished. The inhibitory process was also weakened.

Evidently, such a condition of the higher nervous activity of
the subjects has an effect upon their work capacity. The appearance
of haste of actions, increase in the number of mistakes and absence
of proper control in a serious relationship to the work above the
experimental assignments can be considered consequences of this.,

A shift in the relations between the processes of excitation and
inhibition, the weakening and a swift exhaustion of excitation, a
weakening in the process of inhibition can also explain several
instances of the behavior and mood of the subject. Materials received
in the study in which the subjects walked along a boom bore witness

to the fact that the participants in the experiment of this period
were under a condition of emotional strain.

The fact that the given phenomena took place only right after
the experiment and then disappeared evidence the connection of the
above-described condition with the post-experimental period.

In summary, it is possible to draw the conclusion that work
capacity on the regimen of life with sleep during the night time
in the course of the experiment changed insignificantly, and the
changes were connected with the prolonged action of the experimental
conditions.

11y



e A IREL L RSN Y O NP N NN B N UROWRRY.) ) N0 0GR, N UM MAE OOND O OOAL LRI e Lt ) I ——

Change in the work capacity with an essential change in the
life regimen of the participants iIn the experiment basically was
expressed by retardation of reaction. More significantly, it was
expressed in the beginning of the experiment (with a sharp trans-
ition to life according to the experimental regimen); later the
speed of reactions increased. At the end of the experiment a certain
retardation of reaction was observed which was connected, evidently,
with the extended stay of the subjects under the conditions of the
experiment.
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DYNAMICS OF THE INTELLECTUAL CAPACITY FOR WORK AND THE
CONDITIONS OF HYPODYNAMIA, ISOLATION, AND ELEVATED
TEMPERATURE IN A HERMETICALLY SEALED CHAMBER

Y.M. Krutova

ABSTRACT: The article deals with three experi-
ments on the effects of isolation in a hermetic-
ally sealed chamber on memory and mental
concentration.

On prolonged space flights, man will be subjected to the in-
fluence of specific conditions--weightless, hypodynamia, insuffi-
ciency of afferentation, etc. Therefore work activity under these
conditions will differ structurally from activity under the usual
terrestrial conditions. Thus, for example an astronaut's monitoring
activity will be characterized by its monotony, uniformity and com-
parative poverty of external impressions (almost unchanging position
of the star-filled sky, lack of external sound stimuli, etc.).
Therefore it 1s necessary to maximally approximate the actual con-
ditions of life activity in flight in terrestrial laboratory experi-
ments and to observe carefully the dynamics of intellectual and
physical work capacity under the influence of these and other un-
favorable conditions.

The majority of foreign and native investigations have been
dedicated to the study of the influence of the conditions of isola-
tion (hypodynamia, lowered and raised barometric pressure in the
chamber, hypoxia, etc.) on man's physical capacity for work. Thus,
Levy and Thaler note that under the conditions of strict isolation,
the work capacity decreased and neuromuscular tension increased as
does a feeling of depression. A worsening of these conditions
progresses as the stay in the chamber is prolonged.

Such kinds of changes are indicated by Gerathewhol (1959),
Hartman (1962), Ewrard and Henrotte (1959). Lewis (1959) showed -
experimentally that under conditions of inadequately strict iso-
lation the work capacity alsc lowered.

Analogous data were obtained by the native investigators (M.B.
Umarov, A.B. Lebedinskiy, S.V. Levinskiy, Yu.G. Nefedov, F.D. Gorbov,
V.I. Myasnikov, V.I. Yazdovskiy, et al.).

In investigations dedicated to the study of the influence of /138
hypodynamia (Gerathewhol, N.A. Agadvhanyan, A.G. Kuznetsov, et al.),
along with a worsening of physiological work capacity, a lowering
of tension and the retardation of the thought processes were noted.

It must be said, however, that to date the question is unans-
wered as to how intellectual work capacity and the psychic functions
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change djnamically under the conditions of isolation, hypodynamia
and unfavorable atmospheric temperatures in a hermetically sealed
chamber.

Among native and foreign research projects, investigations
dedicated to this problem are not represented.

The aim of the present investigation is to study the influence
of limited mobility and partial sensory isolation, at an elevated
temperature in a hermetically chamber of small volume, on the intel-
lectual work capacity and psychic functions of the subject (thought,
memory, attention).

We carried out three experiments. .The aim of two 1l5-day experi-
ments was the study of influence of partial sensory isolation and
hypodynamia on the concentration of attention, memory, and intellectual
work capacity of the subject. The investigation was carried out in
a hermetically sealed chamber of small volume (5 m ) at a tempera-
ture of 20-23°C, a humidity of u45% and a maximum carbon dioxide
content of 0.5-0.8%.

In the first experiment the subject was a scientific colleague
(32 years old) with an advanced education and good physiological
preparation, who had taken part in analogous experiments repeatedly.
The subject in the second experiment was an engineer 29 years old
who wasparticipating in his first experiment. Communication with
the subjects was established with the aid of a microphone. The
third experiment was dedicated to studying the influence of elevated
temperature and humidity on those same processes and capacity for
work: the four subjects studied were placed in a specially equipped
chamber. The temperature in the chamber was 38-40°C and the humid-
ity 66-70%. Each day two subjects stayed in the chamber for 4 hours.
The investigation was carried out over 4 days, so that each pair
was in the chamber 4 hours per day.

Studies for the first two l5-day experiments were carried out
before the experiment, four times during the experiment (on the
2nd, 8th, 10th and 1l4th day) and after the subjects left the her-
metically sealed chamber. In the third experiment, daily studies
Wwere carried out before beginning the experiment and two hours
after the subjects entered the hermetically sealed chamber.

The regimen of life activity in the two 15-day experiments was /139
not altered and remained normal. The subjects slept during the
usual night and began work at 9 A.M. After the morning hygienic
procedures and a medical examination, they completed menta% and
physical labor and alternated this with active rest following a
definite schedule.

The control group consisted of 15 subjects who had passed a
careful medical examination. All of the subjects--doctors and
engineers up to 30 years of age--were occupied with analogous activity

117



but under normal circumstances. Data from the investigation of the
subjects in the control group gave the possibility of comparing

and evaluating those changes in mental processes (intellectual work
capacity) which appeared under the conditions of limited mobility,
isolation and warmth.

The following methods were used for studying an intellectual
capacity for work.

In order to study productivity of intellectual activity and
tempo, the complex and altered Krepelin test was used (linear ad-
dition and subtraction of numbers for the same time interval). In
addition, productivity was judged according to the numver of com-
pleted operations and the gquality of their completion (the number of
incorrect solutions).

Concentration of attention was studied with the aid of a cor-
rection test. Evaluation of concentration was made according to
the presence or absence of mistakes upon the completion of the tests.
The time for the completion of the test, how quickly the subject
concentrated his attention on the object, also appeared as a sup-
plementary index of the character of attention concentration. In
order to investigate memory, concrete and abstract words were used.
The retention of new material and the strength of memory was judged
according to the character of response, immediately after the pre-
sentation and after a definite interval of time.

The thought processes of the subjects were studied with the aid
of association tests (variant--to respond with a word of opposite
meaning). The characteristics of the subjects' thought activity /140
were judged according to the nature of the assocliation and the time
for the response.

In the first 15-day experiment in the hermetically sealed cham-
ber of small volume, subject A's productivity of intellectual ac-
tivity worsened irregularly, reaching its lowest point when he left
the chamber. If the dynamics of change in intellectual productivity
and the tempo are traced, then it appears that the. greatest lower-

ings fall on the 2nd, 8th and 10th days of the experiment (Fig. 20).
It was precisely on those days that the number of mistakes in the
completion of the assigned operations increased noticeably. The
speed of assignment completion decreased. The time required for

the completion of specific intellectual activities increased 1-1/2
times in comparison with the baseline data.

On the tenth day, the speed of subject A's intellectual activ-
ity slowed down even more, and productivity fell off irregularly.

On the fourteenth day in the hermetically sealed chamber, a

rise in intellectual productivity was observed; the number of in-
correct solutions diminished, and the tempo of activity became more
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regular. Upon interrogation of the subjects it appeared that this
: took place because of a "finish"

Vil effect, a mobilization of compensatory

ﬁ_ capabilities of the organism.

0}

gr "I'm accustomed to the conditions

oL of a hermetically sealed chamber, he

6F states", but I have to strain my will /141

f: greatly in order to complete assign-

ar ments. I tried to complete it care-

f: fully because I knew there was still

Before exp ; é' — é L one more day of my stay in the cham-
: After exp. ber. This urged me on'".

Fig. 20. Change in Produc- The latent response reaction
tivity of Subject A's Ac- time in the associative experiment
tivity. Along the Axis of for subject A, on the second and eighth
Abscissa, Days of the Ex- day, was increased almost twice in.
periment; Along the Ordinate comparison with the original data and
Axis, Number of Completed the data of the control group.

Intellectual Operations.

The dynamics of change in this
subject's concentration were almost analogous to the change in
productivity of intellectual activity, Figure 21. Attention concen-
tration lowered, beginning the second day in the hermetically sealed

chamber, reaching its lowest point on
Z' e the 8th day. On the 1l4th day, an
2 improvement was observed.
)
g: The memory of subject A during
st the entire experiment was almost un-
;: changed.
st
4t An insignificant lowering was
g: observed only on the second day in the
Ias chamber. TFor the remaining days, the
Before éxp.& o éiAf%er — memory function remained unchanged.
Fig. 21. Change in Atten- Indices of attention concen-
tion Concentration for tration and of memory after leaving
Subject A (First Experi- the hermetically sealed chamber im-
ment). proved insignificantly in comparison
with the baseline data, but produc-
tivity of intellectual activity lowered. At the end of the comple- /1lhZ
tion of the assignment, a sudden tendency to fatigue appeared (curve
of productivity lowered). It must be said, however, that investiga-
tion after subjectsleft the hermetically sealed chamber was not
carried out on the first, but on the third day. Before the inves-

tigation, the subjects had active daily rest.

119



~ NV AN D D

In the second 15-day experiment (Subject B), dynamics of
change of psychological functions and productivity of intellectual
activity in the daytime was close to the data received in inves-
tigation of subject A (first experiment) according to this index.

On the second day in the hermetically sealed chamber of small
volume, as with first subject his productivity of intellectual
activity worsened in comparison with the baseline data (Fig. 22).
There were more wrong solutions in
the completion of intellectual oper-
ations, and the usual time for com-
pletion of separate activities length-
ened.,

-

On the eighth day, productivity
of intellectual activity also low-
ered, although less than on the 2nd
day.

NNGAG DV QD

1 ! L ] ]
2 8 9 % After exp.

A more pronounced lowering of
productivity was observed on the

Fig. 22. Change of Produc- tenth day.

tivity of Intellectual

Activities of Subject B. In all the cited days,

attention concentratiou otf the sub-
ject also dropped (Fig. 23). The time for the completion of the
correction tests lengthened.

In association tests, an increase in latent response reaction
time appeared, but associations were adequate.

0}
9t /143
i 8 P b -
L [ eimindal AN
L °r S /S
| Sr Sz
ol ‘_
[ It
[ 2t
X t f
L L £ Il t !
: e g ‘7 % AfFter exp.

1 1 —
Before exp. 6/ W07 4 pfiep leaving

Fig. 24, Dynamics of Change in
Memory of Subject B. Along the

the chamber Abscissa, Days of the Experiment,

Fig. 23. Change in Atten- Along the Ordinate, Number of
tion Concentration of Sub- Remembered Words:(a) Abstract
Ject B (Second Experiment). Words; (b) Concrete Words.

The memory process slowed in time. The subject asked that the

words he memorized be presented more slowly, pleading difficulty of
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memorization. While subject A's memory during the experiment suf-
fered almost no changes, the second subject demonstrated a marked
irregular lowering of memory (Fig. 24). It is characteristic that
for him, as for the first subject, on the fourteenth day in the / 14k
hermetically sealed chamber both productivity of intellectual ac-
tivity and concentration of attention improved. He completed in-
telectual operations qualitatively better, and the number of wrong
solutions was sharply curtailed. However, the tempo of intellectual
activity lowered, and the time for completion of specific operations
was lengthened. Subjectively subject B evaluated this: "I am used
to conditions of the hermetically sealed chamber. I feel well.
However slowly,I am completing your requirements with effort, and

I am trying to complete them well."

After leaving the chamber (indices were recorded on the next
day), productivity of intellectual activity appeared to be lower.
The tempo of completion of intellectual operations had slowed
sharply and was irregular in comparison with the baseline data;
the subject was easily fatigued. Attention concentration and the
process of mental concentration slowed down. Indices of memory
were analogous to the data obtained before the experiment.

It must be noted that for subject B an even more pronounced
retardation of the thought process was observed. Latent response
reaction time increased. Associliations were inadequate in the
majority of cases. The objective data are supported and self-
explanatory by the results. The subject alleged that it was hard
for him to think; he became "wooden'"; he noticed dizziness and
difficulty in concentrating.

Analytical data of indices of change in the psychological
processes and productivity of intellectual activity for subject B
evidence a slight, pronounced negative influence of the experimental
conditions.

Study of the data of the investigation obtained in experi-
ments on the effects of temperature indicate that the influence of
elevated temperature and humidity in the chamber was different on
each of the four subjects taking part in the experiment. This dif-
ference is explained evidently as typological characteristics of
the subjects, by the training to similar kinds of effects, as well
as in relationship to the performance of manual labor.

For two subjects (C and D) deviations were not so noticable.
For two others (E and F) the influence of the experimental condi-
tions was sharply pronounced.

The first day of the investigation, the number of mistakes /145
made by subject C notably increased, and the performance of the cor-
rection tests and attention concentration worsened in comparison
with the baseline data. The time for completion of the tests was
unchanged.
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On the second day the same body temperature (38°), the temper-
ature in the chamber (39°), humidity (66%) the time for the com-
pletion of the correction tests was extended, but the amount of
mistakes diminished. The number of memorized data in the first
day of the subject's stay in the chamber, at a temperature of 39°,
diminished in comparison with the original data by 30-40%. Intel-
lectual productivity of Subject C on the first day, in comparison
with the Dbaseline data, lowered. The tempo remained irregular.
The time necessary for the completion of intellectual operation
increased.

In the association tests, response reaction time was re-
tarded; associations were adequate.

For Subject D, who was in the chamber with Subject ¢, almost
analogous changes were observed.

On the first day there was also a worsening in the attention
concentration and an increase in the times for completion of cor-
rection tests. On the second day, the effect of the elevated tem-
perature and humidity proved to be less. Attention became more
concentrated; the number of mistakes dropped in the completion of
the correction tests.

Memory for the first subject, who was in the chamber at the
same time, worsened. The amount of material he remembered dropped
by 30% on the first day in comparison with baseline values and
the data of the control group and on the second day by 20%. In
this case, as we can see, the data of the investigation of memory
by days for both subjects were almost analogous. Analysis of data
of productivity of intellectual activity for subject D showed that it
lowered. Moreover, the tempo of activity became irregular and
lowered toward the end of the stay in the chamber, showing a rise
in fatigue.

If we compare the data of intellectual capacity to work by /146
days, then the capacity for work on the first day noticably worsens.
The qualitative rather than quantitative aspect especially suffers:
there were more mistakes in the completion of the test. The thought
processes were retarded, the latent response reaction time in
associative experiments increased in comparison with the original
data, but the associations were adequate.

Analysis of the data received in the study of the psychological
functions of the second pair of subjects, E and F, and the produc-
tivity of their intellectual activity, evidences a more expressed
influence on them of the conditions of elevated temperature and
humidity in the chamber. Thus the productivity of intellectual
activity of subject E sharply lowered qualitatively on the first
day. The quality of completed thought operations lowered even more
sharply on the second day. The number of wrong answers increased
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by three times in comparison with the baseline data and the data of
the control group, and pronounced fatigue increased (the curve of
productivity lowered at the end of the completion of the task).
Attention concentration fell sh ply, and the number of mistakes
increased 10 times (in comparison with the original data) on the
first day of the experiment, and 8 times on the second day. Memory
remained stable on both in the first and second day of experiment.
Response reaction time in the association +tests changed only
sflightly.

For subject F, who was paired with subject E, attention con-
centration on the first and second day of experiments also dropped
sharply. On the first day it dropped by 3 times and on the second
day by 2 times in comparison with the original data.

Productivity of intellectual activity of subject F dropped
sharply both on the first day of the investigation and on the second.
Tempo for completion of tasks was retarded, and pronounced fatigue
appeared.

Memory, as for subject E, did not undergo essential changes.

In the associative experiments latent response reaction time
increased doubly; associations were often unreasoned and inadequate.
It was characteristic that even the autonomic functions for the
two latter subjects (E and F) during the experiment also changed
sharply.

Thus, analysis of the data shows that under the conditions of /1u4

a hermetically sealed chamber of small volume with partial sensory
isolation and limited mobility, with the temperature in the chamber

not more than 20-22° and humidity not more than 45%, productivity

and intellectual activity for both subjects sharply fluctuated by

day and worsened toward the end of the stay in the chamber. A pro-
nounced worsening of productivity, intellectual activity, and also

of attention concentration and thought was noted for both subjects

on the second day in the hermetically sealed chamber, on the eighth

day for subject A, and the tenth day for subject B.

~a

Conditions of the partial sensory isolation and hypodynamia
show a greater negative effect on the thought processes of the sub-
ject on his productivity of intellectual activity and on his con-
centration of attention.

The thought process under the experimental conditions was
retarded in time and worsened qualitatively.

Under the conditions of a hermetically sealed chamber with
elevated temperature and humidity, a more pronounced worsening in
intellectual capacity for work, attention concentration, memory and
retardation of thought processes was observed. Thus the intellec-
tual work capacity lowered quantitatively on the average by 2 times.
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Attention concentration worsened on the average by 5-10 times in
comparison with the baseline data for the same subjects and the data

of the control group.
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SIGNIFICANCE OF MUSCULAR ACTIVITY FOR THE PRESERVATION
OF STABILITY OF AN ASTRONAUT'S MOTOR FUNCTIONS

A.V. Korobkov and B.A. Dushkov

ABSTRACT: The psychological and physiological
effect of weightlessness, limited mobility and

hypoxia are examined. The use of exercises as
a means of prophylaxis of these effects is dis-
cussed.

The problem of motor function stability has great significance /148
for the preservation of various aspects of an organism's life
activity and the maintenance of a high work capacity for an
astronaut in flight. Motor function stability is essentially con-
nected with the developmental level and nature of a number of
psychological, physiological and biochemical processes, and also
with the morphological development of various organs and systems
which, in turn, depends upon the character and level of the man's
physiological preparation.

In some cases a high degree of physical preparedness insures
an expansion of the possiblities for l1ife under the condition of a
change in the gas content of the air, temperature, natural radiation,
etc. In other cases there is a broader compensation for possible
negative changes arising under conditions of existence different
from the terrestrial ones (weightlessness, etc.).

At the basis of deepening and preserving the connections be-
tween an organism and the immediate environment, which are achieved
as a result of systematic and organized motor activity, lies the
performance of a number of psychological functions, control of
movements and metabolism, with the functions of breathing, of
blood circulation, of excretion, of glands, of internal secretion, |

etc.

We will not stop to analyze a man's physiological reactions to
all factors of a space flight; we will only indicate a change in
some characteristics of motor function in connection with conditions
of weightlessness and hypodynamia.

Dietplein (1964) noted that upon completion of physical work
(stretching a rubber shock absorber) at the time of Cooper's flight,
the speed of restoration of pulse frequency to its original rate
after the work was noticeably slower during the flight than under
preflight conditions. This relatively slow restoration of pulse
indicates the worsening of the general condition of the astronaut,
inasmuch as the speed of restoration of the pulse rate is one of

the basic indices of the level of physical training. Orthostatic
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hypotension also developed, with an increase in the pulse rate 149
from 83 in a horizontal position to 123 while standing. Cooper's
average arterial pressure after the flight was noticeably lower

than before or during the flight; even 18 hours after the flight
there were indications of orthostatic intolerance. In studying

the data of astronaut Shirra's flight, the same author indicates
that in the post-flight period, the pulse rate in a horizontal
position was 56, arterial pressure 120/84 mm Hg. Upon transition

to a vertical position, the pulse increased to 104, and arterial
pressure lowered to 94/70. It is worthy of attention that these
orthostatic hypotensive phenomena were retained for 18 hours after
the flight. Shirra did not note any dizziness or other symptoms
which could be attributed to the cardiovascular system when he moved
to a vertical position in the post-flight period.

The appearance of orthostatic hypotension observed after
these two flights is evidently the result of the action of unfavor-
able factors, in particular weightlessness. In the presence of
gravity, the large veins of the lower extremities are subject to
a pressure of around 100 mm Hg, due to the weight of the hydrostatic
column of blood. In weightlessness and also while lying in bed,
with immobilization or while staying in water, this hydrostatic
pressure 1s practically absent. Vasomotor reflex mechanisms, which
control the tone and maintain the return flow of blood to the heart,
do not provide for successful control of vascular tone. Upon return
to normal gravity, these reflexes cannot be recovered quickly with-
out a certain period of readaptation to the forces of the gravita-
tional field, and blood accumulates in the veins of the lower
extremities.

According to Dietlein (1964), under the conditions of weight-~
lessness the stress on the skeletomuscular system decreases notice-
ably. Forward progress of the body is facilitated, and the necessity
for contraction of powerful muscles, which support the normal posi-
tion of the body, is reduced significantly. Simultaneously, the
stress and tension imparted to portions of the skeleton during mus-
cle contractions lower, and the stress on the skeleton connected /150
with its function of supporting body weight is reduced. We must
keep in mind that strict bed rest or immobilization leads to atro-
phy of the muscles and finally to extemsive elimination of calcium
in the urine, which is connected with the beginning of deminerali-
zation of the skeletal bones. The beginning of muscular and skele-
tal atrophy under the conditions of weightlessness can be expected
after approximately 14 days, with a subsequent progressive increase
if prophylactic measures or pharmacological remedies are not applied.
Dietlein assumes that existing programs of isometric exercises can
either forestall muscular (skeletal) atrophy or delay its develop-

ment.

At the present time, one of the most widespread methods for
the simulation of weightlessness under terrestrial conditions is
the immersion of a man in water (Benson et al., 1962).
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In studying the influence of a man's stay in water for various
lengths of time, an actual lowering in the stability of the subject's
cardiovascular system is noted in orthostatic tests (David, 1961).
Grabiel and Clark et al. (1961), in studying the influence of immer-
sion for various lengths of time, noted significant changes in the
reaction of the cardiovascular system, muscular functions, movement
coordination disturbances and the subject's ability to orient him-
self in space. It was noted that the G-load tolerance after a stay
in water markedly worsened. In the first three days after begin-
ning the experiments, a general water loss, polyurea, and an increase
in the nitrogen eliminated in the urine was observed.

In the study of David (1961) explaining the influence of a re-
duction in motor activity on the ability to endure high forces, a
lowering of muscular force and the ability to perform physical work
and disturbances in motor function stability occurred. B.Ye. Grave-
line (1952) noted that as a result of a 7-day stay in water, the
amount of work the subjects performed on a bicycle ergometer dimi- -
nished. The work was accompanied by a more pronounced quickening of
the pulse and of respiration, with a diminished pulse arterial pres-
sure. An orthostatic test at the time of the experiment was accom-
panied by a more pronounced quickening of the pulse, a diminishing
of the pulse arterial pressure, an increase on the EKG of P-wave /151
and by a merging of the S and T spikes. An investigation was car-
ried out by professional divers who were completely immersed for
18 hours (with a respiratory mask) in a tub of water at a tempera-
ture of 34.4 to 35° (Bersom et al., 1962) with the aim of evaluating
their functional status under simulated weightlessness. These auth-
ors noted that after an extended stay in water, the precision of
movement diminished and many indices of movement coordination worsen-
ed. In the water, the subjects exerted much greater strength than
was demanded by instruction.

Relying on a mathematical analysis of hemodynamics and consi-
dering the unusual circumstances of existence under conditions of
lower gravitation, Moutzithropoulos (1963) indicated a number of
disturbances which arose under conditions of weightlessness or low-
ered gravitation, the basic ones being muscular weakness and even
degeneration of the muscles. The absence of the influence of the
terrestrial force of gravity complicates a man's work on board a
space vehicle to a significant degree, and can even lead to a great
loss of work capacity. In addition, lowering of muscular tone can
arise, as well as disturbances of coordination of the muscular acti-
vities. Nonetheless, it 1s possible to assume that man can adapt and
carry out flight instruction without errors. The action of weight-
lessness on the cardiovascular system 1s expressed in a slight low-
ering of the arterial pressure and heartbeat rate with a periodic
quickening of the pulse. Functions such as respiration, swallowing
of food, defecation and urination are not disturbed. Thus, the human
organism is able to endure exposure to weightlessness for a short
period of time. The problem of the influence of an extended flight
still remains open and awalts solution.
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The influence of limited mobility on the human organism under
various conditions of work and recreation activity was studied by
a number of authors (A.U. Korobokov and colleagues, 1961). They
investigated the action of extended (many day) relative adynamia
under the conditions of sea travel and relative isolation. In the
experiment they studied the influence of relative adynamia on the /152
status of several motor functions under conditions of prolonged
isolation. The authors discovered that under these conditions,
changes which varied in degree arose both in the motor and in the
autonomic functions. Under the influence of extended action of
hypodynamia a sharp lowering of the functional capacities of the
organism begins, according to such indices as muscular strength,
endurance, and the ability to coordinate movements. The question
of physical preparedness acquires an important practical significance
under these conditions. Thus, weightlessness or a condition approx-
imating 1t has a very substantial influence on a number of physio-
logical reactions connected with motor functions which can determine

the success of an entire space flight. With an increase in the dura-
tion of a flight, weightlessness has a great influence on the life
activity and behavior of astronauts. At the present time it is pos-

sible to speak of two conditions of elevation of resistance of an
organism to the action of unfavorable factors of the external envi-
ronment: specific and nonspecific. By specific i1s meant the eleva-
tion of an organism's resistance achieved through the action of the
same stimulus; for example, by overheating, by frequent stays in a
high-temperature environment, to hypoxia by an insufficiency of oxy-
gen in the air inhaled, etc. Development of resistance to any fac-
tor (for example, G-loading) through exposure to other stimuli (hy-
poxia) is an example of nonspecific elevation of stability. This
phenomenon was noted a very long time ago and was widely used in the
practice of water cures, physical exercises, cold sponge baths and
air baths.

One of the means of nonspecific elevation of an organism's re-
sistance to unfavorable factors is physical exercise, which simul-
taneously solves a number of problems enabling the improvement of
motor and autonomic functions in the organism.

Many experimental investigations and observations have shown
that goal-oriented physical training and resistance-building elevates
the stability of the organism to unfavorable factors in the environ-
ment and to diseases (N.B. Lazarev, 1958; A.V. Korobkov, V.A. Shkur-
dova, N.N, Yakovlev, Ye.S. Yakovleva, 1962, and others).

Physical training increases resistance to hypoxia (N.N. Yakov- /153
lev, 1955; Ya.A. Egolinskiy and M.M. Bogorad, 1959), to the action
of toxic substances (N.V. Shernykov, 1959, et al.) and to peneirat-
ing radiation. Physical exercises can raise the organism's resistance
to temperature changes (N.A. Matyushkina, 1956, et al.).
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In the process of muscular work, an improvement of neural regu-
lation of the motor and autonomic functions occurs. In goal-oriented
physical training in the muscular system, the chemistry of metabolic
processes changes essentially, neural and humoral regulation are per-
fected, and the activity of many enzymatic systems increases. All
of this permits the develcpment of the protective characteristics
of the organism, and elevates his resistance to a number of delete-
rious factors.

In connection with the characteristics of space flight, an
important question arises as to the nature of physical exercises
(extent and intensity) which can be recommended for flight and their
influence on the organism's work capacity and nonspecific resistance.

In a special series of investigations carried out by A.V. Korob-
kov, D.A. Golovachen and V.A. Shkurdodo (1960), it was shown that it
was characteristic of each of the so-called nonspecific activity
activity factors to have its own definite spectrum of action of the
various functions. For the various factors these spectra can over-
lap and amplify one another, which often leads to an undesired effect.
The training conditions have just as much significance, as was shown
by A.V. Korobkov et al. (1960), when training was carried out in a
high-temperature environment. In addition, the capacity for motor
work increased, but resistance to radiation fell lower than in the
control, untrained groups.

Serious disorders in internal organ (renal adiposity, atrophy
of thymal lymphatic tissues, gastric ulcer and pancreatic ulcer) can
arise in the organism under extensive exhaustive training, and also /154
with constant great stress. Similar pathological changes in various
organs and tissues can be produced by more short-term, but extreme-
ly intensive, physical and emotional strain.

All these factors indicate the necessity to undertake methods
and means of physical and psychological training which would reflect
flight specifications and would consider the characteristics of com-
plex reorientation and changes in function of the supportive motor
apparatus under the conditions and factors of flight.

It is possible to assume, evidently, that a system of preparatory
training, developed with a special goal in mind and continued by
physical exercises in flight and upon return to Earth, permits main-
taining a high physical and intellectual work capacity. The system
of physical preparation must prepare a man for prolonged space flight
and insure the preservation in flight of especially important motor
habits, physical and moral gualities and also resistance to unfavor-
able specific conditions of flight. With this goal in mind, the
various means and methods of physical training must be isolated. An
important factor in the maintenance of a high work capacity and health
of an astronaut is a well-organized motor activity regimen during the
time of the flight itself. The programs of physical exercises which
are correctly distributed over the daily period appear to be support-
ive points.
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Success in the application of physical exercises in flight
depends on to what extent a number of conditions are observed.
The first requirement consists 1in that physical exercises must cor-
respond to the dynamics of physiological processes which take place
in the human organism and enable the restructuring of daily rhythm
as it applies to daily conditions of life in the ship. An astro-
naut's motor activity regimen must be adapted to these concrete
characteristics of daily periodicity and changes in physiological
function.

Another important requirement is that exercise programs corres-
pond strictly to the characteristics of an astronaut's activity and
the changes in physiological mechanisms in flight with consideration
of the basic typical periods of the astronaut's professional motor
activity (tempo, degree of physical effort, strain of attention,
coordination, structure, etc.).

In the physiology of labor and recreation, it has been shown
that the adaptation of rhythm and activity tempo takes place better
and more quickly with supportive exercises which are similar to the
proposed work in tempo and rhythm (B.A. Dushkov, 1963). This is
also confirmed by experimental work carried out under conditions
approximating those of a space flight (isolation, limited mobility,
hypokinesia, etc.). Thus, for example, an investigation of two dif-
ferent regimens (10 days each) of motor activity under conditions
of limited mobility and isolation (A.D. Korobkov, 1961) demonstrated
that a more rational program of physical exercises can increase re-
sistance to the depressive action of the multiple factors of isola-
tion. The authors also showed that various forms of applied physical
exercise made possible more stable intellectual work capacity at va-
rious times of the day. Exercises are important factors for the
elevation of emotional-volitional tone, ensuring great effectiveress
of the restorative processes. The positive influence of systematic
application of physical exercises leads to the elevation of intellec-
tual work capacity and the improvement of the subject's general con-
dition.

For the maintenance of the physical training of astronauts
under the conditions of prolonged weightlessness in the 1limited
area of the space ship, several authors (for example Aunan Wallace,
1964) recommended isometric exercises involving the pushing and pull-
ing of immovable objects. The method is based on the premise that
muscle develops more quickly if the efforts made do not lead to
complete exhaustion. Muscular contraction lasting 6-8 seconds has
the greatest effect. In the opinion of the author, during this
period the muscle is in a condition of tension but its energy re-

sources are not exhausted. Strength of muscular fibers is connec-
ted with the fact that the muscle does not pass through the restora-

tion phase, which is necessary after exhausting exertion. Training
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according to this system must be gradual. In the first 2-3 weeks,
the recommended exertion is half the maximum. Without a preparatory
period, full exertion could lead to trauma. The duration of exertion
must be carefully controlled. The system proved effective in the
preparation of weight lifters, football players and other categories
of athletes. As far as space flight is concerned, it remains unclear
how much time must be alloted to the astronauts for the described
exercises. Under usual conditions 10-15 minute daily training is
considered sufficient. For the conditions of space flight, it is
possible that up to an hour per day (10-12 periods of 5 minutes

each) would be necessary. Analogous exercises cannot be included

in the system of preflight preparation of astronauts. However,

Aunan Wallace does not present sufficiently convincing experimental
material supporting his views.

A number of authors studied the influence of physical training
and work capacity under conditions of extended hypodynamia (V.V.
Bazhanov, V.I. Chedinov, 19643 V.V. Bazhanov, V.A. Sergeyev, V.V,
Mitin, 1965). The authors investigated a system of inertial and
isometric exercises which was completed with a sharp stop at the
end of the time of greatest exertion. Results of investigations
show that application of physical training for prolonged limited
mobility increased the maximum strength of the subjects by 3.3%,
in addition, several functional indices were improved. For
example, the ability to complete mental work with submaximal inten-
sity grew by 5-7%, and the strength of the specific group of mus-
cles, by 5-10%.

In two l5-day experiments, a study of the influence of va-
rious work and rest regimens on the functional status of
the subjects also showed the positive influence of physical exer-
cises for the maintenance of a high level of work capacity and
lowering of fatigue.

In the first experiment a system of training of subjects was /157

applied. The exercise program included various physical exercises
of the pulling type, movements for strengthening of the muscles of
the body, trunk, legs and arms, exercises for the relaxation and co-
ordination of movement and also exerclses with an expander®, weights
and a bicycle ergometer. All the subjects noted a significant im-
provement in their general condition after the exercises.

As a rule, their work capacity increased, motor activity im-
proved and the feeling of fatigue and sleepiness disappeared.

Inquiry and visual observations indicate that the rate and
the tempo of exercises changes depending upon the days of exercises
and the general condition of the subjects. They seem to become
accustomed to the definite rate of completion of motor actions which
was characteristic only for them. Such an acclimation and stabil-
ization to a tempo can serve as a evaluation of the condition of
the subject. ) ] o L
*Ed. note: Probably exercise springs or elastic straps. These are
often termed '"chest" expanders in this country.
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During the first days in a hermetically sealed chamber, when
asked "What -tempo is best for carrying out the exercise program:
slow, average or fast?", the subjects most often chose the average
tempo. However, as far as completing the programs of phyvsical
exercises is concerned, in the questionnaire data there were state-
ments of a desire to change the various tempos--slow, fast and
average and their combinations., With a further completion of exer-
cises there appeared individual differences in the tempo of move-
ment.

In the period of adjustment to a new regimen of work and rest,
especially in the first two days of the experiment, often the order
was varied and the sequence of the repetition of individual exercises
was stipulated in the experimental program, despite sufficient
mastery of the program ahead of the experiment. Exercises were com-
pleted lazily, carelessly with disturbances in the amplitude and
basic characteristics of movement.

On the 5-6th day, the same exercises were performed with great
desire and interest. Fewer mistakes were made, the quality of
completion improved and there appeared to be a desire to increase
the exercise period for greater repetition of individual movements.
At the end of the experiment a certain lowering of interest in the
physical exercises was noted as a consequence of adaptation during
the 15-day experiment to the program.

It is necessary to indicate the subjects' positive attitude /158
to completion of exercises with the chest expander, weight and on
the bicycle ergometer.

In the second 15-day experiment, the physical exercise program
was constructed in accordance with specifications of chamber con-
ditions: limited room for activities, altering the location of in-
struments, etc. For establishing a system, an order of physical
exercises was planned which would set up a correct and regular dis-
tribution of individual exercises or groups of them in a definite
pattern creating a more favorable reaction on the part of the or-
ganism to the applied exercises. In the normal regimen, an exer-
cise program is included after periods of sleep and taking care of
personal needs, and after the watch period.

Programs of "morning" hygienic calisthenics consisted of stretch-
ing exercises and of those involving individual muscle groups. A
long stay in a chair (reclining chair) and forced static position
of the body required consideration of the typical moments and phases
of watch duty for the design and implementation of exercise programs
during watch periods. At the time of caring for personal needs, a
program was directed toward the maintenance of basic motor habits

and physical qualities.
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Such a comprehensive regimen of motor activity with a correct
and regular distribution of physical exercise programs permitted’
the subject to maintain stability of strength and endurance of
basic groups of muscles during his stay under conditions of limited
motor activity in a chamber of small volume. A combination of
various forms of physical exercises included in the usual regimen
of work and-rest were directed toward the perfection of a man's
motor activity, and appeared to have a positive influence on the
work capacity and the lowering of fatigue of the subjects and also:
facilitated maintaining general motor activity under the conditions
of the chamber.

Thus physical exercises applied in the motor regimen can serve
as an important moment both in the process of preparation for a
prolonged space flight and for the preservation of a high capacity-
for work during the flight and the post-flight recovery period.

REFERENCES

Bazhanov, V.V., A.V. Sergeyev and V.V, Mitin: In the Book: Materialy
nauchnoy konferentsii molodykh spetsialistov, psovyashchennoy pam-
yati A.V. Lebedinskogo (Materials of the Scientific Conference of
Young Specialists, Dedicated to the Memory of A.V. Lebedinskiy).
Moscow, pp. 7-8, 1965.

Bazhanov, V.V. and V.I. Chedinov: In the Book: Materialy konferentsii
molodykh rabotnikovza 1964 g. Tsentral'nyy nauchno-issledovatel'-
skiy institut fizicheskoy kul'tury (Materials of the Conference of
Young Workers for 1964. Central Scientific-Investigatory Institute
of Physical Culture). Moscow, pp. 7-8, 1964,

Graveline, D.Ye.: Informatsionnyy byulleten' "Kosmicheskaya biologiya
i meditsina", Vol. 5, pp. 6-8, September 1962.

Dushkov, B.A.: In the Collection: Tekhnika bezopastnosti i ozdorov-
lemiye usloviy truda v pribovostroyeniye (Technigues of Safety and
Sanitation in the Work Conditions of Instrument Manufacture). Mos-
cow, pp. 117-137, 1963.

Kas'yan, N.I. and V.I. Kopayev: Izv. Akad. Nauk SSSR, ser. biol. I,
pp. 10-16, 1965.

Korobkov, A.V., D.A. Golovacheva and V.A. Shkurdoda: Tazisy konfer-
entsii po voprosam fiziologii sporta (Abstracts from the Conference
on the Questions of the Physiolcgy of Sports). Tbilisi, 1960,

Korobkov, A.V., V.A. Shkurdoda, N.N., Yakovelev and Ye.S. Yakovleva:
Fizicheskaya kul'tura lyndey raznogo vozvasta (Physical Culture
for People of Different Ages). Moscoe, 1962,

Kotovskaya, A.R., S.I. Lobashov, S$.F. Simpura, P.M. Suvorov and G.F.
Khevnikov: In the Collection: Problema kosmicheskoy biologii (Pro-
blems of Space Biology). Moscow, Akad. Nauk SSSR, Vol. 2, pp. 238-
2u7, 1962.

Lazarev, N.V.: Tezisy dokladov konferentsii po probleme prisposobitel’-
nykh reaktsiy i metodov povysheniya soprotivlyayemosti organizma k
neblago priyatnym vozdeystviyam (Abstracts from the Proceedings of
the Conference on the Problem of Adaptive Reactions and Methods

133



of Elevating the Resistance of an Organism to Unfavorable Influ-
ences). Moscow, 1958.

Ugodskaya, L.N.: Med. Radiol., No. 4, 1957.

Yakovlev, N.N,: Ocherki po biokhimii myshts (Essays on the Biochem-
istry of Muscles). Moscow, 1955.

Aunan, W.N.: Air Univ. Rev., Vol. 15, No. 4, pp. 55-59, 1964,

Benson, V.G., E.L. Beckman, K.R. Coburn and R.M. Chambers: Aerospace
Med. Vol. 33, No. 2, pp. 198-303, 1962,

David, H.M.: Missiles and Rockets, Vol. 8, No. 21, p. 36, 1961,

Dietlein, L.F.: Manned Spacecraft: Engine Design and Operation. New
York, 1964, pp. 125-135.

Graybiel, A. and B. Clark: Aerospace Med., Vol. 32, No. 3, pp. 181-
196, 1961.

Moutaithropoulos, C.: Mem. 4 Congr. Mund. Cardiol., Mexico, 1962;
Vol. 4B, pp. u461-465, 1963.

13y



INVESTIGATIONS OF HUMAN MOTOR FUNCTIONS UNDER THE
CONDITIONS OF AN ALTERED DAILY REGIMEN

V.M, Devishvili, B.A. Dushkov, A.V. Korobkov,
M.M. Mirskiy, G.G. Ratishvili and I.P. Ratov

ABSTRACT: Investigations of the effects of an
altered daily regimen upon muscular strength
and endurance are reported.

The question of the resistance of human motor functions to spe-~ /159
cific conditions acquires great significance in connection with the
problem of extended space flights. A number of authors (Yu.V. Van-
yushina et al., 1966; L.I. Kakurin et al., 1966, and others) showed
the influence of unfavorable factors (hypodynamia, changed regimen
of eating, etc.) on the neuromuscular apparatus, However, there._re-
mains the little-studied question of change in human motor functions
during a prolonged stay in close quarters under the conditions of
an altered daily rhythm.

We investigated the influence of an altered daily rhythm! (18- /160
hour daily rhythm) on the function of the muscular apparatus. We
applied a number of methods for defining the precision and resistance
of the indices of simple motor reactions and muscular activity. In
the 15-day experiment three subjects took part (Subject M., Subject
I., Subject S.).

Measuring muscular strength and static endurance was carried
out with the aid of a manual dynamometer of special construction by
B.M. Abalakov (Central Scientific-Investigatory Institute of Physi-
cal Culture), Measurements were taken before and after the experi-
ment and also on the 4th, 7th, 10th and 13th day, before the first
and second watch and also after the watch. Measurements of strength
and endurance of basic muscle groups were taken before and after
experiments on a special test stand, which permitted particular mus-
cle groups to be investigated in flexor and extensor movements of
the forearm, the shoulder, the trunk, the hips and the lower legs.

Investigation of the muscle-joint system and the coordination
of movements in small and large exertions were made with the aid of

a dynamometer. Under the experimental conditions, it was necessary
for the right hand to repeat small (1/10 of maximum) and large (1/2
of maximum) predetermined efforts. The actions had to be performed

without looking at the indicated dynamometer.

1The experimental conditions are described in the article by A.A.
Veslova, N.A. Gurovskiy et al. included in the collection of essays.
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The habit of judging one's quantitative exertions was developed

and intensified in preliminary experiments. On the same dynamometer,
a study of the "sense of time'" was -carried out (on 3 and 10 seconds)
which was developed before the ‘experiment. Theéere, the subject exert-

ed a quantity (small or great) force with his right hand; with his
left, he used a stop watch During the development of’ small and
large exertions, mistakes in reproduction of a given force for a
given duration were evaluated.

In order to make a complete study of motor functions, a "stabi-
lograph" developed in the Central Scientific Institute of Physical
Culture was used to evaluate the ability to meter efforts precisely

with redistributed pressure underfoot. The method is the following: /161
the subject stands on a stabilographic platform and takes a standard
pose (usual standing). He must follow a "program" curve which had
been plotted earlier on a moving paper tape of a recorder, and by
redistributing the pressure on the rim of the stabilographic plat-
form, control the pen of a recording galvanometer, producing maximum
coincidence of his curve with that of the program. '

For analysis the indices of disaccord were considered, expressed
in arbitrary units, as well as the results of their statistical
treatment. In order to evaluate the abilities and the alternation
of activity of specific muscular groups, periods of voluntary ten-
sion and relaxation of the skeletal muscles (according to V.0. Fedorov)
was used. The indices of latent times of tension (L.T.T.) and relax-
ation (L.T.R.), and also their relationship (L.T.T./L.T.R. index),
was developed as a generally accepted method of mathematical statis-
tics.

According to the data of the investigation of muscular strength
and static endurance, muscle-joint sense and the duration of devel-
opment of small and large isometric forces, sharp changes or weaken-
ing were not observed. However, it is possible to note essential
fluctuations of muscular strength, muscular endurance of the hand,
muscle-joint sense, "the sense of time'" and the dally dynamics during
the experiment. Especially large changes according toc these indices
were noted for subject M. - At the end of the experiment his muscular
strength dropped by 7 kg; results characterizing the muscle-joint
sensitivity to a small effort worsened. For the same subject one
must also note a significant fluctuation in the sense of time and the
muscle-joint sense according to data obtained in the first and second
watch and also each day of the experiment. Such changes in indices
characterizing an adaptability on '‘a subtle plane in the organism to /162
a definite regimen of life activity can be explained evidently by the
fact that his daily periodicity was seriously disturbed, and the
adaptation to a new change in sleep, waking and work had not yet
taken place. For the two other subjects during the experiment there
was noted a less pronounced shift in muscular strength and in data
characterizing strength response and intervals of time. In compari-
son with the measurements taken before the experiment, during the
4th, 7th .and 10th days, for subject I. there was a small increase in
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muscular endurance. I+ was characterized by a stable amount of
from 25-30 seconds during the U4th, 7th, 10th and 13th day of the
experiment.

For subject S.a significant lowering of muscular endurance was
observed, which after the experiment diminished for the right hand
from 35 to 17 seconds,and for the left from 42 to 12 seconds. In

addition, the muscular endurance already by the 4th day of the experi-

ment dropped in comparison with the original data by 7 seconds for
the right hand. The sharp lowering of muscular endurance evidently
indicates the lesser degree of training of this subject to similar
type of experiments, as it was only the second time he had taken
part in experiments while the two other subjects, M, and I, had been
participants in many extended experiments in the chamber. The mus-
cular endurance for subject S.in the first watch during the entire
experiment (4, 7, 10, 13th days) was more than after the watch,
which indicates signs of developing fatigue toward the end of the
watch. For subjects I.and S. the "sense of time" and the muscle-
joint sensitivity indices for small and large forces improved

the longer they stayed in the hermetically sealed chamber in com-
parison with the first phase, which indicates a certain adaptation
of the organism to the alternation of various periods of sleep,
work and rest. Materials received by the method of program stabil-
ography indicated that subjects I.,, M, and S.underwent the complex
restructuring of daily rhythm differently. The initial and final
values of the indices of error 1in the stabilogram demonstrate a
pronounced improvement and the completion of the tests for subject
I,and M.,and a lack of any noticeable change for g, (Table 16).

TABLE 16. RESULTS OF ANALYSIS OF STABILOGRAM FOR SUBJECTS BEFORE
AND AFTER THE EXPERIMENT.

No, of A.tte.mpts . S, M.
and Statistical | . — - —_—
Characteristics! Before | After Before | After Before | After
1 673,5 398,0 420,0 469,0 754,0 558,0
2 460,0 494.5 486,0 474,5 . 634,0 494,5
3 435.5 440.0 508.0 . 499.5 520,0 456.0
4 517.,5 395.0 501,5 336,5 518,5 464,0
5 360,5 421,5 375,5 . 406,5 574,0 410,5
Mim 489,5+52,45| 429,81+18,14 458,1+25,9 437,2+29,47 600,1+43,93 | 476,6+24,39
¢4 m 117,3+37,09] 40,56+12,82 58,1+18,37 65,94+ 20,84 98,22+31,06 54,54 +17,25
v,% +24 +9 +13 +15 +16 +11
P.% +11 +4 + 6 + 7 + 7 .+ 5
t 1,08 0,53 9.46

In Table 16 the differences in statistical characteristics are
shown. Thus, for subject S. the criterion of reliability of differ-
ences is 0.53, for I. and M. 1.08 and 2.46, respectively. Moreover,
indices of fluctuations of the sign show the difference in the
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subject's reactions to the action of the factor: S., *15 and 7%
against #1383 and #*6%; subject I., *9 and *u4% against *24 and *11%;
for M., *11 and *5% against %16 and *7%, respectively (see Table
16). It is possible to assume (on the basis of control experiments)
that for subject S., as opposed to I. and M., a natural scientific
performance of tests was "blocked" by complex experimental condi-
tions and a radical change in the daily rhythm of life activity.

On the basis of the total analytical data, it is possible to
judge that stability of the maintenance of position was practically
unchanged, and subject M. was even more resistant to the effect of
this factor (according to the given tests). Results of electromyo-
graphic analysis of the ability for maximally quick alternation

TABLE 17. LATENT TIME OF TENSION AND RELAXATION FOR SUBJECT M. IN /164
THE SECOND EXPERIMENT.

LTT max| LTRmax | LTTmax | LTTmin LIRminr " LTTmin
Muscles millisec | millisec | LTR pax [ millisec| millisec | LTRpin

rossAfter rosslafter pBS fter (Beattexr Do Atter | (Be | After
Sural

right {420 | .380 | 440 | 210 | 0,955 |1,810| 240 | 100 | 130 [ 130 | 1,%3 [ 0,769
left 420 | 420 | 380 | 300 | 1,105 |1,400| 280 | 240 | Z:0 60 | 1,333 | 4,000

right [340 360 410 360 0,829 1,000 220 { 180 | 390 200 0,564 | 0,900
) _left. 500 | 340 | 480 | 420 | 1,042 [0,810| 210 | 180 | 330 | 200 0,553 | 0.900
Right Hip,

rightt {510 | 240 | 480 | 230 | 1,063 |1,043| 230 | 160 | 460 | 140 0,500 | 1,143
left 300 | 480 | 440 | 370 | 0682 |1,297| 160 | 380 | 320 | 180 0.500 | 2111

i s of
Bﬁce}% right |480 | 490 | 560 | 240 | 0,857 ,/2,042| 180 | 220 | 300 | 220 0,600 | 1,000
the Hip % lsso | 520 | 440 | 510 | 0864 |1,020| 260 | 120 | 220 | 220 1,182 | 0545

Tibial

g&cefs of thfeft 350 | a0 | 310 | 470 | 1,120 |o,681] 300 | 180 | 280 | 200 | 1,071 |o.621
oulder

TABLE 18. RESULTS OF STATISTICAL DEVELOPMENT OF INDICES OF LATENT
TIME FOR SUBJECT M. BEFORE AND AFTER EXPERIMENT (VOLUNTARY TENSION

AND RELAXATION OF MUSCLES).

No. of | Ina Wi — “tu x|k
Attempts ndex Before | After Before | After |Bef,|Aft.|BefJAft,|
I LTTmax | 411£25,1| 3%4£3L,11 754:17,8 | 93,4:22,0 | +18 ) 24| = 6| + 80,42
2] LTR..: 438+22,7 | 346+35,6 | 68,2+16,1 | 106,7:25,1 | +£16 | +£31 | + 5| <10 | 2,18
: - min
3 LTThax 5
TR [0,947£0,0511,234:£0,151 0,15250,036 | 0,520,106 | £16 | £37 | £ 5| £12)} 18I
max
4| LTTpin 931+15,3 | 196+2,8 | 45,8+10,8 | 80,5+19,0 | £20 | +41 | £ 7| =14 | 1,13
LTRmin 306 + 30,0 182422,1 90,0+21,2 66,4+15,7 +33 | £37 | +10 | ~121 3,33
LTT .
Tlimm 0,841+0,120(1,332£0,367| 0,360+0,085 | 1,101+0,259 | +43 | +83 | +14 | +28 | 1,27
L . ' .
) min
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between muscular tension and muscular relaxation are presented in /165
Tables 17 and 18.

A tendency toward the lowering of indices of latent time (LT)
after the experiment is apparent.

One of the more probable causes of such a leveling off of changes
of mean LT values for various muscles is evidently the multidirect-
edness of these changes for muscles of anatomical antagonists and con-
tralateral muscles, noted for subject M. after the experiment. This
is apparent after comparison of the values of LTT maximum of the right
sural and tibial muscles, of the right rectus and bicep muscles of
this hip, of the right and left tibialis muscles of the right and left
rectus of the hip; LTT minimum of the rectus muscle of the left rectus
and bicep muscles of the hip, of the right and left bicep muscles of
the hip (Table 17).

It is necessary to note the primary increase in the LTT/LTR
index, evidencing, according to V.L. Fedorov, the improvement of the
balance between the excitory and inhibitory components. The combined
multidirected changes in this index for muscles again shows the cross
character of the phenomena of an altered regimen (LTT,,/LTRy 55 for
right and left biceps, for left sural and biceps muscles; LTTpijpn and /166
LTR, i for right and left sural of right sural and bicep muscles,
for right and left bicep muscles of the thigh, for left rectus and
bicep muscles of the thigh).

Attention is drawn to the elevation of LTR indices and a de-
crease in the LTT/LTR index (for both minimum and maximum values)
of the biceps of the left arm, the only muscles of the upper extremi-
ties whose change in the temporal characteristics EMG can be regis-
tered (Table 18). Greater fluctuation of indices characterizing
muscular endurance are observed for subject S. Thus for 8 tests of
separate muscular groups (flexor and extensor of the trunk, the hip,
the forearm and the calf and flexor of the shoulders) in 5 instances
a lowering of endurance occurred, and in 3 instances there were no
changes. TFor the two other subjects, in 5 out of 8 instances there
was an increase and in 2 a decrease, and once the indices remained
unchanged. A lowering of endurance of the basic muscle group for
subject S. is explained, evidently, by the fact that he was not as
trained as the other subjects to these difficult experiments. No
less significant in the lowering of muscular endurance for subject
S. was the fact that he, in contrast to the other subjects, did not
always complete the program of physical exercises fully, especially
those movements which were calculated for this quality.

Thus fluctuation in muscular strength, endurance of muscle-
joint sensitivity and temporal intervals in the process of experi-
ment could be explained by the complex restructuring of daily rhythm
of physical functions. In this restructuring the distribution of
sleep in the day preceding the investigation was of great signifi-
cance.
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Comparison of the characteristics of cluctuations of indices
of muscular tension and relaxation before and after the experiment
permits one to note a significant growth of variability of all in-
dices under the influence of unusual circumstances of the experiment.
The fact that the subjects' regimen of 1life activity was significant-
ly altered, both in duration and in distribution of hours of work /167
and rest (l8-hour daily rhythm), had a great significance on the
changes in these indices.

At the same time, the regimen of work and rest and various al-
terations in sleep and activity did not lead, by the end of the ex-
periment, to an essential change in the strength and endurance of
the basic muscle grcoup, with the exception of several separate mus-
cle groups, which indicates evidently that the subjects' motor ac-
tivity was correctly organized. The organism's adaptation to such
an alteration of work and activity periods, in which the daily rhy-
thm is sharply altered (according to indices of precision and re-
sistance of temporal-strength responses) takes place slowly (on the
10th and 13th day). In addition, the usual periodicity of changes
in physiological indices is established.
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